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PREFACE 


The  work  described  in  this  report  was  performed  in  support 
of  an  overall  program  at  the  Transportation  Systems  Center  de- 
signed to  develop  and  evaluate  Alcohol  Safety  Interlock  Systems 
(ASIS) . This  program  is  sponsored  by  the  Department  of  Trans- 
portation through  the  National  Highway  Traffic  Safety  Adminis- 
tration’s Research  Institute. 

This  report  contains  the  results  of  an  experimental  and 
analytical  evaluation  of  instruments  and  techniques  designed 
to  prevent  an  intoxicated  driver  from  operating  his  automobile. 
The  prototype  ASIS  units  tested  were  developed  both  by  private 
industry  and  by  the  Transportation  Systems  Center;  all  were 
drawn  from  a class  of  instruments  which  detect  intoxication  by 
measuring  changes  in  a subject's  ability  to  perform  a psycho- 
motor task.  The  report  consists  of  the  following  documents: 

Volume  I,  Summary  Report  - A summary  of  the  ASIS  evaluation 
work  performed  through  July  1972.  It  includes  a discussion 
of  the  factors  considered  in  selecting  candidate  devices 
for  testing,  the  recruitment  of  human  subjects,  the  ex- 
perimental techniques  used,  the  criteria  used  to  rate  the 
performance  of  the  devices,  and  the  findings  of  the  evalua- 
tion . 

Appendix  - The  appendix  of  Volume  I provides  the  detailed 
technical  data  from  which  the  results  and  conclusions  of 
this  volume  were  drawn.  Included  are  summaries  of  the 
data  obtained,  descriptions  of  the  methods  used  and  the 
analyses  employed,  and  the  results  of  the  analyses.  Where 
warranted,  different  or  more  complex  analyses  of  the  data 
reported  in  Volumes  II  and  III  were  performed.  In  a number 
of  cases,  this  re-analysis  uncovered  errors  in  the  original 
work.  Where  these  errors  were  significant,  the  results  of 
the  re-analysis  are  reported 


iii 


Volume  II,  Instrument  Screening  Experiments  - Details  of 
the  experiments  conducted  for  TSC  by  the  Guggenheim  Center, 
Harvard  School  of  Public  Health. 

Volume  III,  Instrument  Performance  at  High  BAL  - Results  of 
the  experimental  work  performed  for  TSC  by  Dunlap  and 
Associates,  Inc. 

The  authors  would  like  to  acknowledge  that  much  of  the  success 
of  this  program  is  due  to  the  efforts  of  the  above  organizations 
and  of  many  individuals.  Specifically,  much  of  the  original  con- 
ception of  the  program  and  its  overall  management  were  the  contri- 
bution of  P.W.  Davis.  Design  and  construction  of  the  TSC  inter- 
lock units  were  carried  out  by  A.  Warner.  Aid  in  the  analysis  of 
the  data  contained  in  Volume  I was  provided  by  J.  Nardone,  B.A. 
Kolodziej , and  B.  Major.  Patient  computer  programming  and  data 
processing  were  contributed  by  D.  Ofsevit. 
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1,  INTRODUCTION 


This  report  describes  the  Alcohol  Safety  Interlock  System 
Program  currently  underway  at  the  Transportation  Systems  Center 
(TSC)  of  the  U.S.  Department  of  Transportation.  The  program  is 
sponsored  by  the  Office  of  Driver  Performance  of  the  National 
Highway  Traffic  Safety  Administration,  in  support  of  the  NHTSA 
Office  of  Alcohol  Countermeasures. 

The  program  was  designed  to  determine  the  efficacy  of  systems 
intended  to  automatically  deny  intoxicated  drivers  the  use  of 
their  automobiles.  The  approach  involved  obtaining  or  developing 
candidate  systems,  evaluating  the  more  promising  ones  in  labora- 
tory tests,  and,  if  warranted,  field-testing  them. 

This  report  is  concerned  with  those  investigations  of  Alcohol 
Safety  Interlock  Systems  taking  place  from  mid-1970  through  mid- 
1972.  The  investigations  described  include  a review  of  extra- 
governmental  responses  to  a DOT  prospectus,  a survey  of  pertinent 
literature,  and  laboratory  tests  performed  under  contract  to  the 
Transportation  Systems  Center  by  the  Guggenheim  Foundation  for 
Aerospace  Health  and  Medicine  of  the  Harvard  School  of  Public 
Health,  and  by  Dunlap  and  Associates  Incorporated. 
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2.  ASIS  CONCEPT 


As  part  of  its  program  to  develop  methods  of  reducing  the 
number  of  alcohol -related  traffic  accidents,  the  U . S . Department 
of  Transportation  (DOT)  is  investigating  the  efficacy  of  Alcohol 
Safety  Interlock  Systems  (ASIS).  As  currently  envisioned,  these 
systems  are  intended  to  perform  two  functions: 

a.  Automatically  determine  whether  the  driver  is  intoxicated 

b.  Prevent  the  driver  from  operating  his  vehicle  if  he  is 
intoxicated . 

For  the  purposes  of  this  report,  the  term  "intoxicated" 
refers  to  the  physiological  and  psychological  condition  of  a 
person  with  a blood  alcochol  level  (BAL)  equal  to  or  greater  than 
0.10%  wt./vol.  The  term  "sober"  refers  to  the  state  of  an  indi- 
vidual with  a BAL  equal  to  or  less  than  0.03%.  A person  is  con- 
sidered functionally  impaired  when  his  BAL  is  between  0.03%  and 
.10%  . 


2.1  ASIS  CLASSIFICATION 

Alcohol  Safety  Interlock  Systems  are  classified  according 
to  the  method  they  use  to  establish  intoxication. 

2.1.1  Chemical  ASIS 

Instruments  in  this  class  estimate  BAL  through  measurements 
of  the  alcohol  content  in  the  breath,  tissues,  body  fluids,  or 
wastes.  Many  law-enforcement  agencies  measure  alcohol  present 
in  exhaled  alveolar  air.  The  technique  is  attractive  because 
the  test  is  specific  to  alcohol,  a breath  sample  is  relatively 
easy  to  acquire  (compared  to  blood  and  urine  samples),  and  the 
result  is  a quantitative  measure  which  is  acceptable  as  evidence 
in  a court  of  law. 

During  the  period  covered  by  this  report,  no  ASIS  using  chemi 
cal  or  electrochemical  tests  of  exhaled  alveolar  air  to  determine 
intoxication  were  available  for  evaluation.  Research  into 
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electrochemical  sensors  suitable  for  ASIS  was  undertaken  by  TSC 
and  by  several  commercial  organizations,  and  suitable  sensors  are 
expected  to  be  available  for  testing  and  evaluation  as  part  of  the 
ASIS  program  in  the  near  future.  Providing  that  they  meet  prior 
laboratory  criteria  for  factors  such  as  sensitivity,  stability, 
and  repeatability,  these  chemical  ASIS  will  be  mainly  field-tested 
in  this  program. 

2.1.2  Performance  ASIS 

A second  class  of  techniques  uses  the  measurement  of  perfor- 
mance or  behavior  in  psychomotor  tasks.  This  method  requires  the 
establishment  of  a baseline  performance  level  for  a sober  driver. 

A reduction  in  performance  below  this  criterion  is  taken  to  in- 
dicate intoxication.  Conceivably,  two  types  of  performance  ASIS 
could  be  developed:  hurdle  ASIS,  for  which  the  test  of  performance 

is  taken  before  the  vehicle  can  be  driven,  and  continuous -monitoring 
ASIS,  for  which  the  performance  of  the  driver  is  measured  during 
an  extended  period  while  the  vehicle  is  being  driven. 

Hurdle  ASIS  are  quite  simple  in  operation,  and  may  be  easily 
interfaced  with  existing  vehicle  designs.  However,  since  a hur- 
dle ASIS  determines  intoxication  in  a relatively  short  test, 
drivers  might  be  able  to  pass  it  by  marshaling  their  abilities 
for  a brief  period,  although  their  performance  level  over  longer 
periods  could  be  quite  low.  Also,  hurdle  ASIS  could  allow  a 
person  to  start  a car  immediately  after  drinking  a large  quantity 
of  alcohol,  since  performance  degradation  might  not  develop  until 
some  time  had  elapsed.  Similarly,  hurdle  ASIS  are  not  useful 
in  cases  where  the  driver  begins  drinking  after  he  has  started  to 
drive . 

A cont inuous -monitor ing  ASIS  would  in  theory  be  responsive 
to  driving  performance,  the  variable  of  prime  interest.  It  could 
monitor  actual  driving  behavior,  and  would  be  sensitive  to  any 
factor  which  produced  a performance  decrement.  To  develop  such  an 
ASIS,  it  would  be  necessary  either  to  have  a metric  representing 
safe  driving  or  to  identify  some  critical  aspect  of  the  driving 
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process  which  is  affected  by  intoxication.  In  either  case,  a 
normal  baseline  would  have  to  be  established  for  the  entire  pop- 
ulation. Since  no  such  metric  is  yet  available,  and  as  no  aspect 
of  the  driving  task  has  been  demonstrated  to  be  reliably  affected 
by  intoxication,  performance  - type  continuous -monitor ing  ASIS  are 
presently  impractical. 

2.2  SOURCES  OF  INFORMATION 

In  order  to  acquaint  commercial  and  academic  organizations 
with  DOT'S  interest  in  ASIS  development,  and  to  ensure  that  all 
possible  ASIS  techniques  would  be  considered,  the  National  High- 
way Traffic  Safety  Administration  issued  a prospectus  entitled 
"Some  Considerations  Related  to  the  Development  of  an  Alcohol 
Safety  Interlock  System  (ASIS)"  in  October  of  1970.  The  pro- 
spectus was  sent  to  organizations  which  had  previously  responded 
to  an  announcement  in  the  Commerce  Business  Daily,  or  had  other- 
wise expressed  interest  in  this  topic.  It  contained  discussions 
of  the  need  for  an  ASIS,  the  various  possible  techniques  avail- 
able, and  the  potential  problems  inherent  in  the  development  of 
an  ASIS. 

A letter  accompanying  the  prospectus  requested  (a)  descrip- 
tions of  potential  ASIS,  (b)  discussion  of  the  possible  solutions 
to  the  problems  mentioned,  and  (c)  description  of  the  responding 
firm's  experience  and  capabilities  in  this  area.  Some  25  organi- 
zations responded  to  the  prospectus.  Their  responses  were  ana- 
lyzed in  conjunction  with  a general  survey  of  the  literature 
pertaining  to  various  kinds  of  performance  degradation  induced 
by  alcohol. 

2.3  SELECTED  TECHNIQUES 

Most  of  the  responses  contained  some  of  the  following:  a 

description  of  an  ASIS  developed  by  the  respondent,  a description 
of  a potential  solution  or  solutions  to  the  problems,  and  com- 
ments on  the  problems  raised  in  the  prospectus.  The  responses  are 
discussed  in  detail  in  a document  entitled  "Summary  and  Evaluation 
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of  Responses  Received  on  the  Alcohol  Safety  Interlock  System  Pro- 
spectus. ’*  Because  of  the  proprietary  nature  of  the  material  dis- 
cussed, the  distribution  of  this  report  has  been  limited  to  the 
Government.  A brief  discussion  of  the  nonproprietary  aspects  of 
the  most  appropriate  suggestions  is  presented  below,  together  with 
the  information  gleaned  to  date  from  a continuing  review  of  litera- 
ture . 

2.3.1  Measurement  of  Alcohol  in  the  Breath 

Seven  of  the  25  responding  organizations  suggested  an  ASIS 
based  on  the  detection  of  alcohol  in  body  tissues,  wastes,  or 
breath.  In  general,  the  suggestions  which  dealt  with  tests  on 
tissue  or  wastes  were  neither  detailed  nor  specific.  With  regard 
to  breath-based  tests,  two  f irms  suggested  devices  which  were  far 
too  expensive  to  be  seriously  considered  for  adoption  in  a large- 
scale  ASIS  program.  One  source  described  a gas  chromatograph 
which  was  estimated  to  cost  several  thousand  dollars  in  its  then- 
current  form. 

Two  other  sources  suggested  the  use  of  a sensor  based  on  a 
catalytic -absorption  or  catalytic-oxidation  process.  This  tech- 
nique was  expected  to  have  a sensitivity  in  the  range  of  300  parts 
per  million  (ppm) , and  thus  would  be  suitable  for  testing  alveolar 
air . 

Suggestions  for  measures  to  counteract  user  attempts  to  de- 
ceive this  type  of  device  revolved  around  a multisensor  approach, 
which  would  require  not  only  the  absence  of  alcohol  in  a breath 
sample  of  the  proper  temperature,  but  also  the  presence  of  the 
gases  normally  found  in  alveolar  air  (C02  and  f^Q)  in  the  expected 
quantities.  This  technique  is  intended  to  make  the  substitution 
of  some  other  air  supply  difficult. 

2.3.2  Measurement  of  Performance  on  a Divided-Attention  Task 

Seven  of  the  responding  organizations  suggested  that  ASIS  be 
based  on  the  measurement  of  performance  on  a divided-attention 

*DOT  Report  DOT-TSC-NHTSA- 71  - 2 , May  1971 
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task.  A review  of  the  literature  revealed  evidence  that  such  a 
technique  might  be  usable.  Moskowitz  and  DePry1  demonstrated  a 
decrement  in  the  performance  of  intoxicated  subjects  over  sober 
ones  on  a two-task,  auditory  divided-attention  problem,  though  no 
decrease  in  performance  was  observed  on  either  of  the  component 
tasks  when  they  were  presented  separately. 

Though  the  technique  described  by  Moskowitz  and  DePry  appears 
to  be  useful  in  discriminating  between  sobriety  and  intoxication,  an 
auditory- type  divided-attention  task  may  not  be  practical  for  this 
particular  job.  The  overall  magnitude  of  the  effect  at  the  low 
BAL ' s tested  (.071  to  .08%)  was  small.  However,  Moskowitz  and 
DePry  reported  a 14%  increase  in  error  rate  over  sober  perfor- 
mance for  a given  individual  at  moderately  high  (.07%  to  .08%) 

BAL ' s , implying  that  determination  of  the  within-and  between- sub j ect 
variability  in  performance  will  be  a major  factor  in  assessing 
the  usefulness  of  the  technique. 

The  General  Motors  Corporation  response  described  an  ASIS 
that  measured  performance  on  a divided- attent ion  task,  which 
requires  rapid  memorization  of  a five-digit  display  and  rapid 
keyboard  entry  of  the  number.  During  keyboard  entry,  the  driver's 
attention  is  momentarily  diverted  by  a visually  presented  command 
for  a brake-pedal  response.  This  ASIS  was  obtained  from  GM; 
the  results  of  a laboratory  evaluation  are  discussed  in  the 
appendix . 

A third  type  of  divided-attention  task,  requiring  simultaneous 
performance  of  a two-choice  complex-reaction  task  and  a tracking 
task,  was  developed  and  fabricated  by  TSC  for  evaluation  as  an 
ASIS.  Both  tasks  utilize  visual  stimuli  and  manual  responses. 

This  device  was  tested  in  the  laboratory  evaluation  programs;  the 
results  are  discussed  in  the  appendix.  This  divided - attent ion 
task  was  later  revised  and  a complex-reaction  task  which  required 
response  to  stimuli  in  the  visual  periphery  substituted.  This  re- 
vised device  is  expected  to  be  included  in  the  next  scheduled 
laboratory  evaluation. 

Performance  on  a divided-attention  task  as  a measure  of 
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intoxication  may  have  some  inherent  drawbacks;  in  general,  the 
component  tasks  are  necessarily  not  simple,  and  successful  perfor- 
mance of  the  resulting  complex  task  may  require  extensive  training, 
or  even  be  beyond  the  sober  ability  of  many  of  those  driving. 

2.3.3  Measurement  of  Pursuit -Tracking  Task 

Four  respondents  proposed  measurement  of  performance  on  a Pur- 
suit-Tracking Performance  Task  as  an  ASIS  technique.  Pursuit- 
tracking tasks  require  the  positional  matching  of  a moving  element 
controlled  by  a random,  pseudorandom,  or  preprogrammed  forcing 
function  with  an  element  controlled  by  the  test  subject.  Pursuit 
tracking  has  long  been  used  as  a standard  task  in  psychomotor 
assessment  programs,  since  performance  is  a function  of  the  operator's 
hand  steadiness,  control  precision,  and  ability  to  predict  the  tar- 
get's future  position.  Furthermore,  the  tracking  is  similar  to 
one  of  the  types  of  performance  necessary  for  driving. 

Laboratory  studies  described  in  the  response  of  the  Highway 
Safety  Research  Institute  indicated  that  significant  decrements 
in  various  performance  measures  of  a pur suit  - tracking  task  occur 
at  BAL ' s as  low  as  0.05%.  Since  no  commercially  developed  ASIS 
use  this  technique,  the  Transportation  Systems  Center  developed 
and  fabricated  a single-axis,  position-controlled  pursuit -tracking 
task.  This  device  was  included  in  the  laboratory  evaluation;  the 
results  are  discussed  in  the  appendix. 

2.3.4  Measurement  of  Performance  on  a Compensatory-Tracking  Task 

While  compensatory  tracking  was  suggested  by  only  one  respon- 
dent, there  is  evidence  in  the  scientific  literature  that  perfor- 
mance on  such  a task  is  affected  by  the  ingestion  of  alcohol.  In 

laboratory  studies,  degradations  in  compensatory- tracking  perfor- 

2 

mance  due  to  alcohol  intoxication  have  been  observed  by  Mortimer 
and  Gibbs^. 

Compensatory  tracking  tasks  require  the  centering  of  a moving 
element  which  is  driven  by  a random,  pseudorandom,  or  preprogrammed 
forcing  function.  Performance  on  a compensatory- tracking  task 
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depends  on  the  operator's  response  latency,  decision  latency,  con- 
trol precision,  and  vigilance.  The  task  is  easily  learned  and  has 
often  been  used  to  assess  psychomotor  performance. 

No  ASIS  based  on  this  technique  was  commercially  available  at 
the  beginning  of  the  laboratory  evaluation.  TSC  developed  and 
fabricated  a one -degree  - of  - freedom , position-controlled  compensa- 
tory-tracking task.  The  results  of  the  laboratory  evaluation  of 
this  device  are  discussed  in  the  appendix.  After  the  first  phase 
of  the  laboratory  evaluation  had  begun,  the  Raytheon  Company  deve- 
loped a candidate  ASIS  called  the  Reaction  Analyzer,  which  re- 
quires the  subject  to  maintain  equal  brightness  on  a pair  of  lights 
which  represent  the  relationship  between  the  manual  control  (a 
potentiometer)  and  an  undisclosed  driven  element.  This  device  was 
included  in  the  second  phase  of  laboratory  evaluation.  The  results 
are  discussed  in  the  appendix.  A second - generat ion  version  of  the 
Raytheon  Reaction  Analyzer  is  expected  to  be  included  in  the  next 
scheduled  laboratory  evaluation. 

2.3.5  Measurement  of  Performance  on  a Simple-Reaction-Time  Task 

Three  respondents  suggested  an  ASIS  based  on  measurement  of 
s imple -react ion  time.  In  simple  jump-reaction  tasks,  the  subject 
is  required  to  make  a simple  motor  response  as  quickly  as  possible 
after  the  occurrence  of  a stimulus.  Only  one  specific  stimulus 
occurs  and  only  one  type  of  response  is  required.  Testing  of 
jump-reaction  time  is  easy,  and  has  good  face  validity  for  deter- 
mining driving  ability. 

The  Nartron  Corporation  described  a device  (Safelock)  which 
uses  the  individual's  jump-reaction  latency  to  determine  whether 
the  driver  is  sober  or  intoxicated.  The  assumption  in  this  design 
is  that  intoxication  will  result  in  a high  response  latency.  A 
second  device,  developed  by  Robert  D.  Smith  (QuicKey) , compares 
the  reaction  time  of  an  intoxicated  individual  with  his  previously 
determined  sober  response  level.  The  device  is  calibrated  to  the 
user,  and  from  this  calibration  a response  latency  band  is  estab- 
lished. An  individual  who  responds  significantly  more  slowly  than 
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the  calibration  score  is  assumed  to  be  intoxicated,  and  fails. 
Responses  which  are  considerably  faster  than  the  calibration  are 
considered  indicative  of  an  attempt  to  circumvent  the  test  by 
substituting  another  individual,  a chance  response,  or  evidence 
of  erratic  performance. 

Since  both  devices  measured  the  same  type  of  performance, 
and  the  QuicKey  was  described  as  being  sensitive  to  both  increased 
latency  and  increased  variability  of  latency,  only  the  QuicKey 
was  included  in  the  laboratory  evaluation.  The  results  of  the 
evaluation  are  discussed  in  the  appendix. 

2.3.6  Measurement  of  Steadiness,  Dexterity,  or  Control  Precision 

Three  respondents  mentioned  changes  in  hand  steadiness, 
dexterity,  or  control  precision  as  an  ASIS  technique.  Previous 
laboratory  experimentation  on  the  effects  of  intoxication  on  this 
type  of  performance  measured  tracking  - type  tasks,  confounding 
tracking  and  steadiness.  Therefore,  it  was  decided  to  evaluate 
an  ASIS  device  which  used  this  principle.  One  of  the  three  res- 
pondents, A.S.  Dwan , Ltd.,  constructed  an  ASIS  candidate  based 
on  this  technique.  The  device,  a Prototype  Theft  Lock,  requires 
considerable  precision  and  hand  steadiness  to  fit  the  key  into 
the  lock  and  turn  it  to  the  start  position.  The  device  was  in- 
cluded in  the  laboratory  evaluation;  the  results  are  discussed 
in  the  appendix. 

2.3.7  Measurement  of  Critical  Flicker-Fusion  Frequency 

Two  respondents  suggested  that  a measurement  of  the  effects 
of  alcohol  on  flicker  fusion  be  considered  as  an  ASIS  technique. 
The  technique  has  the  disadvantage  that  measurements  of  flicker 
fusion  are  known  to  be  sensitive  to  variables  other  than  alcohol, 
such  as  ambient  light,  fatigue,  and  illness.  However,  the  tech- 
nique is  simple  and  uses  an  easily  learned  task. 

One  of  the  respondents,  Creare,  Inc.,  constructed  a device 
utilizing  this  effect  to  detect  intoxication.  In  practice,  the 
driver  is  required  to  indicate  whether  the  target  is  flickering 
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or  steady.  If  the  driver  is  incorrect  on  more  than  some  preset 
number  of  trials,  he  is  considered  intoxicated.  This  device  was 
included  in  the  laboratory  evaluation;  the  results  are  discussed 
in  the  appendix. 

2.3.8  Measurement  of  Response  Coordination 

Two  respondents  suggested  measurements  of  response  coordina- 
tion as  an  ASIS  technique.  One  organization,  TDL,  described  a de- 
vice, the  Drunk-Driver  Eliminator  (DDE),  which  they  have  developed 
as  a candidate  ASIS.  In  operation,  the  driver  performs  a simple 
sequential  key/brake -pedal  task.  The  driver  must  turn  the  igni- 
tion key  and  then  immediately  depress  the  brake  pedal.  A long 
response  latency  or  inversion  of  the  order  of  movements  is  taken 
to  indicate  intoxication. 

The  ASIS  described  by  TDL  appears  to  be  simple,  very  inex- 
pensive, and  easily  installed  in  any  present  vehicle.  Although 
insufficient  information  was  available  to  allow  prediction  of  the 
utility  of  the  DDE  as  an  ASIS,  the  extreme  simplicity  of  the  de- 
vice and  its  unique  nature  evoked  interest.  Therefore,  the  device 
was  obtained  and  included  in  the  evaluation.  The  results  are 
discussed  in  the  appendix. 

2.3.9  Measurement  of  Performance  on  a Complex-Reaction  Task 

While  no  respondents  suggested  the  measurement  of  performance 
on  a complex  or  choice  reaction  task  as  the  basis  of  an  ASIS  tech- 
nique, the  literature  review  did  reveal  that  such  performance  is 

4 

a simple  index  of  information-processing  capacity.  Biederman  and 
Kaplan^  have  developed  a sensitive  version  of  this  task,  by  re- 
quiring the  subject  to  respond  to  some  stimuli  with  spatially  in- 
compatible responses.  Since  it  was  considered  likely  that  intoxi- 
cation would  degrade  information-processing  capacity,  a candidate 
ASIS  which  used  this  task,  the  Complex-Reaction  Tester,  was  de- 
signed and  a prototype  fabricated  by  TSC. 

This  device  requires  the  subject  to  choose  one  of  two  re- 
sponses to  each  of  a set  of  four  possible  stimuli.  Two  of  the 
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stimulus/response  combinations  are  spatially  compatible,  in  that 
both  the  stimulus  and  the  response  occur  on  the  same  side  (right  or 
left)  of  the  panel.  The  other  two  are  spatially  incompatible,  in 
that  the  required  response  is  on  the  opposite  side  of  the  panel 
from  the  stimulus. 

The  results  of  the  evaluation  of  this  device  are  discussed 
in  the  appendix. 


3.  LABORATORY  EVALUATION 


In  order  to  determine  the  efficacy  of  the  various  ASIS  devices 
described  in  Section  2,  a laboratory  evaluation  was  carried  out. 

It  included  pilot  studies,  instrument -screening  tests,  and  testing 
to  establish  BAL/per formance  relationships. 

3.1  PILOT  STUDIES 

Research  in  this  segment  of  the  evaluation  served  to  estab- 
lish adequate  procedures  for  subject  recruiting,  handling, 
safety,  training  and  performance  testing,  alcohol  exposure, 
and  alcohol - level  determinations.  Subjects  represented  two  basic 
groups:  social  subjects  (paid  volunteer  drivers  of  at  least  21 

years  of  age)  and  Registry  subjects  (drivers  convicted  of  driving 
while  intoxicated,  identified  through  lists  prepared  by  the 
Massachusetts  Registry  of  Motor  Vehicles) . 

In  Massachusetts,  at  the  time  of  the  study,  individuals 
were  rarely  convicted  of  driving  while  intoxicated  if  they  had 
BAL ' s of  less  than  0.18%.  Therefore,  it  was  expected  that  the 
Registry  subjects  would  be  experienced  and  heavy  drinkers.  This 
was  borne  out  in  the  laboratory  evaluation. 

Subjects  were  required  to  practice  intensively  on  all  devices 
until  they  had  reached  a predetermined  performance  criterion  or 
had  completed  a preset  number  of  trials. 

Subjects  ingested  low-congener  alcohol  mixed  with  fruit  juice 
in  quantities  calculated  to  reach  average  peak  alcohol  levels 
ranging  between  0.10%  and  0.22%. 

Blood  alcohol  was  determine  by  measuring  exhaled  alveolar 
air  with  a Stephenson  Breathalyzer  calibrated  with  Nalco  prepared 
standard  samples.  The  measure  was  termed  a Breath  Alcohol  Equiva- 
lent (BAQ)  to  the  BAL. 
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3.2  INSTRUMENT  SCREENING  TESTS* 


3.2.1  Devices  Selected 

On  the  basis  of  the  prospectus  responses,  review  of  per- 
tinent literature,  examination  of  available  candidate  ASIS  de- 
vices by  TSC  staff,  and  information  gathered  during  the  pilot 
studies,  the  following  devices  were  selected  to  undergo  laboratory 
screening  tests.  Devices  were  obtained  through  loan,  lease,  or 
purchase . 

PROTOTYPE  THEFT-PROOF  LOCK  - Developed  by  A.S.  Dwan,  Ltd., 
this  unit  is  an  ignition  lock  which  requires  the  driver 
to  carefully  set  a numbered  combination  and  insert  the 
ignition  key  with  precision.  If  the  driver  sets  the  com- 
bination incorrectly,  is  clumsy  in  inserting  the  key,  or 
exceeds  the  time  allowed  on  the  task,  he  is  prevented  from 
starting  his  vehicle. 

CRITICAL  FLICKER-FUSION  TESTER  - Developed  by  Creare  In- 
corporated, this  requires  the  operator  to  discriminate 
between  flickering  and  steady  visual  stimuli  in  order  to 
start  his  vehicle.  The  device's  ability  to  determine  in- 
toxication is  dependent  upon  a reduction  in  the  critical 
f licker-fushion  frequency  which  accompanies  intoxication. 

PHYSTESTER  - Developed  by  the  Delco  Electronics  Division 
of  General  Motors,  this  unit  requires  that  the  driver 
perform  a divided-attention  task  to  start  his  vehicle. 

The  driver  must  first  enter  a combination  on  a touch-tone- 
type  keyboard.  If  he  does  this  correctly,  a random  five- 
digit number  is  displayed.  The  driver  must  rapidly  memo- 
rize this  number  and  enter  it  on  the  keyboard.  At  some 
time  during  this  process  a visual  stimulus  signaling  a 
required  brake  application  will  appear  on  the  display. 

The  subject  must  promptly  depress  the  brake  pedal  while 
continuing  to  enter  the  number.  Failure  to  perform  any 

*The  testing  described  in  this  section  was  performed  by  the  Guggen- 
heim Center  for  Aerospace  Health  and  Safety,  Harvard  School  of 
Public  Health,  Boston,  MA,  under  Contract  DOT-TSC-213. 
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of  those  steps  in  the  time  alloted  is  taken  to  indicate 
intoxication . 

QUICKEY  - Developed  by  Robert  D.  Smith,  this  unit  requires 
the  driver  to  provide  a simple  reaction  response  to  visual 
stimuli.  For  each  subject,  a characteristic  response  la- 
tency for  the  QuicKey  is  established.  This  response  latency 
is  used  to  set  a passing  band  such  that  only  a latency  which 
is  within  ten  percent  of  the  characteristic  response  latency 
will  allow  the  subject  to  pass.  Responses  which  are  either 
slower  or  faster  than  required  by  the  band  limits  cause 
failure.  This  device  determines  intoxication  through  the 
detection  of  both  increased  response  variability  and  in- 
creased response  latency. 

DRUNK-DRIVER  ELIMINATOR  - Developed  by  the  TDL  Group  of 
Companies,  this  unit  requires  the  driver  to  make  closely 
coordinated  and  sequenced  manual  and  pedal  responses.  Re- 
sponses too  widely  separated  in  time,  or  inverted  in  se- 
quence, are  considered  to  indicate  intoxication. 

The  reivew  also  revealed  a number  of  principles  which  might 
be  suitable  for  an  ASIS,  but  had  not  been  tried  out.  Three  ASIS 
prototypes  were  developed  by  TSC  to  allow  testing  of  these 
principles.  The  following  paragraphs  briefly  describe  these  TSC- 
developed  units. 


COMPENSATORY-TRACKING  TESTER  - This  unit  requires  the 
driver  to  perform  a compensatory- tracking  task.  If  the 
driver's  absolute-error  score  exceeds  a pass/fail  threshold, 
he  cannot  start  his  vehicle.  The  threshold  is  set  indivi- 
dually for  each  driver. 

PURSUIT-TRACKING  TESTER  WITH  SECONDARY  DETECTION  TASK  - This 
device  requires  the  driver  to  perform  a pursuit  - tracking 
task  and  simultaneously  respond  promptly  and  correctly  to 
a pair  of  visual  stimuli.  If  the  driver's  tracking  score 
shows  error  above  a preset  threshold,  or  if  he  responds  too  slowly 
or  incorrectly  to  the  visual  stimuli,  it  is  taken  as  an 
indication  of  intoxication. 
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COMPLEX-REACTION  TESTER  - This  unit  requires  the  driver  to 
perform  a complex-reaction  task  which  has  both  compatible 
and  incompatible  stimulus/response  combinations.  The  driver 
is  presented  with  a four-stimulus  display.  The  stimuli  are 
composed  of  four  lights  arranged  as  the  corners  of  a rec- 
tangle. The  display  stimuli  form  two  vertical  pairs,  since  the 
horizontal  dimension  of  the  vehicle  is  much  greater  than 
the  vertical.  The  driver  must  respond  to  stimuli  in  the 
upper  corners  by  pressing  the  button  on  the  same  side  as 
the  stimulus.  (This  is  considered  a compatible  or  same 
response.)  The  driver  must  respond  to  stimuli  on  the  lower 
corners  by  pressing  the  button  on  the  opposite  side  of  the 
rectangle  from  the  stimuli.  (This  is  considered  an  in- 
compatible or  opposite  response.)  Slow  or  incorrect  re- 
sponses are  taken  to  indicate  intoxication. 

3.2.2  Procedure 

The  screening  tests  were  designed  to  determine  the  accuracy 
with  which  the  techniques  embodied  in  the  candidate  devices 
measured  intoxication.  For  these  tests  social  subjects  and 
Registry  subjects,  as  described  earlier,  were  trained  in  the 
operation  of  each  candidate  device  over  a period  of  1 to  3 days, 
depending  on  the  device.  Subjects  were  then  tested  at  various 
blood-alcohol  levels  on  each  of  the  devices. 

The  tests  were  conducted  in  the  following  manner.  After 
entering  the  experimental  area,  subjects  were  tested  for  BAQ, 
and  initial  tests  were  made  of  their  performance  on  the  ASIS  de- 
vices they  had  been  trained  on.  Next,  experimental  subjects  re- 
ceived neutral  spirits  alcohol  mixed  with  the  fruit  juice  of 
their  choice.  Control  subjects  received  fruit  juice  alone. 

Twenty  minutes  later,  testing  on  the  candidate  devices  was  re- 
sumed; it  continued  for  approximately  40  minutes.  Midway  in  the 
40-minute  period,  a BAQ  determination  was  made.  Exactly  one  hour 
after  the  administration  of  the  first  drink,  the  second  drink 
was  administered.  Twently  minutes  later,  performance  testing 
resumed,  with  BAQ  determined  midway  in  the  testing  period.  One 
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hour  after  the  second  drink,  a third  was  administered  and  the  cycle 
repeated.  The  peak  alcohol  levels  (approximately  0.11%  BAQ)  were 
reached  after  the  third  drink.  For  the  next  three  hours  no  alcohol 
was  administered,  but  the  performance  testing  and  BAQ  determina- 
tions were  continued.  The  experimental  design  is  discussed  in 
detail  in  the  appendix. 


3.2.3  Results  of  Screening  Tests 

The  purpose  of  these  experiments  was  to  determine  how  closely 
the  subject’s  performance  on  each  candidate  device  correlated  with 
blood  alcohol  level.  Pear son-product -moment  coefficients  of 
correlation  (r)  between  an  appropriate  index  of  subject  performance 
and  the  BAQ  for  each  subject  at  the  time  of  the  performance  were 
calculated  for  each  device.  The  devices  were  then  ranked  in  terms 
of  the  magnitude  of  the  r calculated.  Tests  of  statistical  signi- 
ficances were  made  for  each  coefficient  to  determine  whether  the 
difference  between  the  computed  coefficient  and  a coefficient  of 
zero  (no  correlation)  were  due  to  chance  variation  or  to  the 
number  of  statistical  tests  performed.  Credence  was  given  only 
to  coefficients  of  correlation  associated  with  probabilities  of 
being  due  to  chance  of  less  than  or  equal  to  .01  (P  <_  .01).  The 
following  correlation  coefficients  between  test  performance  and 
BAQ  were  calculated: 


Prototype  Theft  Lock 
Critical  Flicker-Fusion  Tester 
Phys tester 
QuicKey 

Drunk-Driver  Eliminator 
Compensatory-Tracking  Tester 
Pursuit -Tracking  Tester  with  Secondary 
Task  (Tracking  Accuracy) 
Complex-Reaction  Tester  (Errors) 

> ' .115 
**P  £ . 01 
***P  < .005 


R = 0.156* 

R = 0.107* 

R = 0 .393*** 
R = 0.343*** 
R = 0.045* 

R = 0.329** 

R = 0 . 392*** 
R = 0.153** 
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3.2.4  Selection  of  Devices  for  Future  Testing 

Devices  were  selected  for  future  testing  on  the  basis  of  the 
following  factors:  1)  the  observed  correlation  between  subject 

performance  and  BAQ ; 2)  the  extent  of  preinstallation  driver  train- 
ing required  for  successful  use  of  the  device;  3)  whether  the  in- 
trinsic design  of  the  device  required  determination  of  a pass/fail 
threshold  for  each  driver,  or  a single  universal  threshold  could 
be  set  for  all  drivers;  4)  the  relative  cos t/complexi ty  of  the 
device.  (This  last  criterion  was  used  only  to  discriminate  be- 
tween the  Pursuit -Tracking  Tester  with  Secondary  Task  and  the  Com- 
pensatory-Tracking Tester,  since  these  devices  had  similar  co- 
efficients of  correlation  but  the  design  of  the  Pursuit -Tracking 
Tester  with  Secondary  Task  was  considerably  more  complex.) 

The  following  four  devices  were  chosen: 

Compensatory  Tracking  Tester:  R = 0.329;  considerable  train- 

ing required,  individual  threshold  required,  cost/complexity 
low . 

QuicKey : R = 0.343;  moderate  training  required,  individual 

threshold  required,  cost/complexity  moderate. 

Complex  Reaction-Time  Tester:  R = 0.153;  little  training 

required,  universal  threshold,  cost/complexity  moderate. 

Phystes ter : R = 0.393;  considerable  training  required, 

universal  threshold,  cost/complexity  high. 

The  Prototype  Theft  Lock,  Critical  Flicker-Fusion  Tester, 
and  the  Drunk-Driver  Eliminator  were  dropped  because  the  correla- 
tion of  the  performance  indices  with  BAQ  was  very  low.  Further 
testing  of  the  Pursuit -Tracking  Tester  with  Secondary  Task  was 
postponed  until  a more  thorough  examination  of  divided  attention 

■k 

tasks  could  be  made. 

3.3  PASS/FAIL  EVALUATION 

This  series  of  experiments  was  intended  to  allow  prediction 
of  the  range  of  performance  in  actual  use  to  be  expected  from 

*An  improved  version  of  this  device  is  currently  being  tested. 
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each  of  the  four  devices  selected  in  the  screening  test.  The 
pass/fail  criterion  testing  was  performed  in  two  series.  The  first, 
in  which  peak  BAQ  levels  in  excess  of  .10%  were  reached,  is  re- 
ferred to  as  the  Low -BAQ  Series.  The  second,  in  which  BAQ  levels 
in  excess  of  .18%  BAQ  were  reached,  is  referred  to  as  the  High-BAQ 
Series  . 

3.3.1  Low-BAQ  Series* 

3. 3. 1.1  Pass/Fail  Criteria 

a)  QuicKey  - The  procedure  for  establishing  the  pass/fail 
cutoff  points  from  the  quantitative  data  was  provided  by  the  manu- 
facturer. Each  subject's  maximum  allowable  response  time  was  the 
eighth  fastest  reaction  time  out  of  his  last  50  training  repeti- 
tions (the  16th  percentile) . His  minimum  permissible  score  was 
set  at  15%  below  this  value.  The  subject's  response  time  during 
testing  had  to  be  within  these  boundaries  in  order  for  him  to 
pass  . 

b)  Complex-Reaction  Tester  - Subjects  were  allowed  no  more 
than  one  error  (either  pressing  the  wrong  button  or  taking  more 
than  0.9  seconds  to  respond)  out  of  eight  presentations. 

c)  Compensatory-Tracking  Tester  - The  mean  and  standard  de- 
viation of  the  last  36  repetitions  of  training  were  calculated  for 
each  subject.  Any  score  greater  than  the  sum  of  the  mean  tracking 
error  score  plus  one  standard  deviation  was  scored  as  a failure; 
any  score  less  than  or  equal  to  this  was  passing. 

d)  Phys tester  - The  pass/fail  criterion  for  this  device  was 
provided  by  the  manufacturer.  Subjects  had  1.5  seconds'  display 
time  to  memorize  the  number,  and  had  to  complete  the  dual  task  of 
entering  the  five  digits  on  the  keyboard  and  pressing  the  brake 
pedal  within  3.5  seconds  in  order  to  pass. 


These  tests  were  performed  by  the  Guggenheim  Center  for  Aerospace 
Medicine,  Harvard  School  of  Public  Health,  Boston,  MA  under 
Contract  No.  DOT-TSC-213.  * 
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3. 3. 1.2  Procedure  - Substantial  monetary  rewards  were  given  to 

the  subjects  immediately  after  completion  of  each  successful  attempt 
on  each  device.  This  was  done  in  order  to  simulate  the  kind  of 
motivational  context  which  is  to  be  expected  when  an  individual 
with  an  ASIS  actually  attempts  to  start  his  or  her  vehicle.  Dur- 
ing the  Low-BAQ  Series  each  subject  was  allowed  three  attempts  or 
trials  on  the  Phystester,  Compensatory-Tracking  Task,  and  Complex- 
Reaction  Tester.  However,  only  one  trial  on  the  QuicKey  occurred 
during  each  of  the  seven  testing  blocks  during  the  testing  day. 

For  each  trial  in  which  the  subject  was  successful  on  the 
Phystester,  Compensatory-Tracking  Tester,  or  Complex-Reaction 
Tester,  he  received  a token  worth  $.50.  For  each  successful 
attempt  on  the  QuicKey,  the  subject  received  a token  worth  $1.50. 

The  tokens  were  presented  immediately  after  each  trial  and 
redeemed  at  the  end  of  the  series.  The  differential  reward  was 
due  to  the  nature  of  the  ASIS  tasks  and  the  time  required  to 
complete  each.  During  a single  day  a subject  could  have  earned 
up  to  $42.00,  if  he  had  successfully  completed  all  attempts.  No 
subject  was  able  to  perform  this  well. 

3. 3. 1.3  Results  - Performance  of  the  ASIS  was  gauged  in  terms 
of  the  percentage  of  no-starts  recorded  for  the  subjects  at 

each  BAQ.  A no-start  was  recorded  when  an  individual  passed  less 
than  some  proportion  of  successive  trials  at  a given  alcohol 
level.  The  proportion  of  failed  trials  resulting  in  a no-start 
was  determined  through  post-hoc  manipulation  of  the  trial  perfor- 
mance data  to  achieve  the  greatest  difference  in  the  percentage 
of  no-starts  between  sober  and  intoxicated  subjects,  commensurate 
with  a sober  failure  rate  of  less  than  101. 

For  the  Complex-Reaction  Tester,  the  Compensatory-Tracking 
Tester,  and  the  Phystester,  failure  of  more  than  one  out  of  three 
trials  was  a no-start.  For  the  QuicKey,  failure  to  achieve  a 
reaction  latency  within  the  window  representing  sober  performance 
within  two  minutes  was  a no-start.  Figure  1 depicts  the  percen- 
tage of  no-starts  observed  for  the  devices  tested  for  subjects  in 
the  following  BAQ  ranges:  BAQ  .03 % (sober),  .03%  > BAQ  > .10% 
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(incapacitated);  BAQ  >_  .10%  (intoxicated).  As  may  be  seen  from  the 
figure,  the  two  devices  which  use  universal  thresholds  have  similar 
no-start  differentials  of  22%  (the  difference  between  the  percentage 
of  no-starts  for  intoxicated  subjects,  or  correct  rejections,  and 
the  number  of  no-starts  for  sober  subjects,  or  incorrect  rejections) 
The  observed  no-start  differential  for  the  two  devices  which  re- 
quire individually  set  thresholds  are  quite  different.  QuicKey 
had  an  observed  differential  of  approximately  39%.  The  Compensatory 
Tracking  Tester  had  an  observed  no-start  differential  of  approxi- 
mately 22%.  The  devices  may  be  ranked  in  terms  of  the  observed 
no-start  differential  as  follows: 


QuicKey 

39.4% 

Phystester 

2 2.5% 

Compensatory-Tracking  Tester 

2 2.4% 

Complex-Reaction  Tester 

2 2.2% 

It  is  obvious  that  there  was  little  difference  between  the 
observed  no-start  differential  for  the  last  three  devices. 

3.3.2  High-BAQ  Series 

3. 3. 2.1  Devices  Tested  - In  the  High-BAQ  Series*  of  tests,  three 
of  the  candidate  ASIS  devices  (QuicKey,  Complex-Reaction  Tester, 
and  Phystester)  were  evaluated  using  alternative  pass/fail  cri- 
teria and  no-start  criteria.  The  Compensatory-Tracking  Tester 
was  replaced  by  a somewhat  different  tracking  task,  the  Reaction 
Analyzer  (developed  by  Raytheon  Co.).  Testing  was  also  begun, 
and  terminated  due  to  failure  of  the  test  unit,  on  a ASIS  candi- 
date device  developed  by  the  Nartron  Wire  Corporation. 

There  were  a number  of  significant  differences  in  the  proce- 
dures used  in  the  Low-BAQ  and  High-BAQ  Series.  Peak  BAQ's  in 
excess  of  .18%  were  reached  for  most  subjects  in  the  High-BAQ 
Series.  Subjects  were  carefully  selected  on  the  basis  of  previous 

*Testing  in  this  series  was  conducted  by  Dunlap  and  Associates, 
Inc.,  Darian,  CT  under  Contract  DOT-TSC-251. 
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frequent  use  of  alcohol  and  previous  frequent  achievement  of  BAQ * s 
in  excess  of  .15%,  rather  than  drunk-driving  convictions.  Thirty- 
seven  subjects  were  used  (20  male,  17  female). 

The  payoff  systems  used  to  motivate  the  subjects  were  mani- 
pulated so  as  to  allow  sufficient  flexibility  to  explore  various 
pass/fail  criteria  and  no-start  strategies.  These  features  are 
discussed  in  detail  in  the  report  prepared  by  Dunlap  and  Associ- 
ates, Inc.,  DOT-TSC- 251  - 4 . 

3. 3. 2. 2 Procedure  - The  following  pay  schemes  provided  the  opti- 
mum performance  on  the  ASIS  candidate  devices  named: 

QuicKey  - Subjects  were  allowed  to  make  as  many  responses 
as  possible  during  the  two-minute  period.  $.50  was  paid 
for  all  responses  falling  into  the  window  which  represented 
a pass.  A single  two-minute  trial  was  given  during  on  each 
of  seven  blocks  of  the  testing  day. 

Complex  Reaction  Tester  - Subjects  were  given  $.25  per 
successful  trial,  with  a total  of  three  trials  per  block. 
Subjects  were  given  a 100%  bonus  for  each  block  of  three 
in  which  they  passed  all  trials. 

Reaction  Analyzer  - Subjects  were  given  $.25  per  successful 
trial,  with  a bonus  of  100%  if  they  passed  all  trials  in  the 
block  of  five. 

Phystester  - Subjects  were  given  $.25  per  successful  trial, 
with  a bonus  of  100%  if  they  passed  all  trials  in  the  block 
of  five. 

3. 3. 2. 3 No-Start  Strategies  - The  following  no-start  strategies 
provided  optimum  no-start  differentials: 

QuicKey  - Less  than  one  response  in  the  "window"  in  the 
two-minute  trial  resulted  in  a no-start. 

Complex  Reaction  Tester  - Failure  on  any  of  the  three 
trials  resulted  in  a no-start. 
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Reaction  Analyzer  - Failure  on  any  of  the  first  three  trials 
resulted  in  a no-start.  (The  last  two  trials  were  dropped  from 
consideration) . 

Phys tester  - Failure  on  any  of  the  first  three  trials  resulted 
in  a no-start.  (The  last  two  trials  were  dropped). 

3. 3. 2. 4 Results  - Figure  2 graphically  depicts  the  observed 
percentages  of  no-starts  at  four  BAQ  ranges:  BAQ  < .03%  (sober), 

.03%  <_  BAQ  < .10%  (incapacitated),  .10%  £ BAQ  < .18%  (intoxicated), 
and  .18%  £ BAQ  (very  intoxicated). 

The  candidate  ASIS  devices  may  be  ranked  according  to  the  op- 
timum observed  differential  between  sober  no-starts  (false  rejec- 
tion) and  very  intoxicated  no-starts  (correct  rejection)  as 
follows : 


Phystester 

60.2% 

Reaction  Analyzer 

58.5% 

QuicKey 

5 3.4% 

Complex-Reaction  Tester 

50 .3% 

Table  1 provides  the  observed  no-start  percentages  for  all 
of  the  devices  tested  both  in  the  High  and  Low-BAQ  test  series 
at  each  of  the  BAQ  ranges. 

An  obvious  method  of  circumventing  an  ASIS  requiring  indi- 
vidual pass/fail  thresholds  is  to  "hold  back"  during  training 
so  that  a spuriously  low . threshold  will  be  set.  This  problem 
was  investigated  during  the  High-BAQ  Series  of  tests.  Subjects 
were  requested  to  attempt  to  hold  back,  and  they  were  generally 
successful.  Therefore,  if  techniques  requiring  individual  thresh- 
olds are  used,  care  must  be  devoted  to  eliminating  "jiggery- 
pokery"  during  the  establishment  of  these  thresholds. 

Other  data  gathered  during  these  experiments  are  relevant 
to  the  implementation  of  an  ASIS  program.  As  far  as  the  drinking 
history  of  subjects  is  concerned,  it  was  found  that  Registry 
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TABLE  1.  PERCENTAGE  OF  NO-STARTS  OBSERVED  IN  BOTH  BAQ  TEST  SERIES 
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subjects  (having  a history  of  at  least  one  arrest  for  driving  while 
intoxicated)  performed  no  better  or  worse  than  social  subjects. 

Gender  had  no  statistically  significant  effects  upon  perfor- 
mance on  any  of  the  devices  tested.  The  age  of  subjects  did  play 
a role  in  performance,  but  this  was  eliminated  by  improved  train- 
ing procedures.  IQ  scores  were  correlated  with  performance  on 
the  Complex-Reaction  Tester,  but  this  seems  to  be  a marginally 
significant  effect  and  may  be  an  artifact. 

While  alternate  pass/fail  strategies  and  start/no-start 
criteria  were  explored,  it  was  found  that  using  different  strate- 
gies or  criteria  simultaneously  increased  or  decreased  the  number 
of  sober  and  intoxicated  no-starts  by  an  essentially  constant  fac- 
tor . 
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4 . SUMMARY 


On  the  basis  of  prospectuses  from  industry  and  a review  of 
pertinent  literature,  12  performance  - type  candidate  ASIS  were 
obtained  and  examined  by  DOT/TSC.  Ten  of  these  devices  under- 
went laboratory  screening  evaluations  designed  to  determine  to 
what  extent  performance  on  each  device  was  correlated  with  blood 
alcohol  level. 

The  following  types  of  performance  were  found  to  be  affected 
by  blood  alcohol  level: 

Hand  steadiness 

Perception  of  visual  flicker 

Pursuit  tracking 

Compensatory  tracking 

Divided-attention  performance 

Manual  jump-reaction  response 

Manual  complex- react  ion  response 

Five  devices  underwent  further  laboratory  testing  to  deter- 
mine the  percentage  of  prevented  starts  which  could  be  expected 
at  various  blood-alcohol  levels.  The  best  discriminator  was  a 
divided-attention  task.  With  this  task,  no-start  rates  of  .17% 
for  sober  subjects  and  61.9%  for  the  same  subjects  when  very 
intoxicated  (BAQ  <_  .18%)  were  recorded. 
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A-l,  PILOT  STUDIES 


A- 1.1  SUBJECT  RECRUITMENT 

Male  and  female  subjects  were  selected  so  as  to  include  as 
wide  a range  of  age  (over  21),  intelligence,  and  occupation 
as  possible.  Their  alcohol-related  driving  experience  fell 
into  one  of  two  categories : 

(1)  "problem  drinkers"  (having  been  arrested  at  least 

once  for  driving  while  intoxicated) 

(2)  "social  drinkers" 

A- 1.2  SUBJECT  HANDLING 

Volume  II  presents  the  details  of  subject  handling:  feeding 
subjects,  getting  them  to  drink  and  perform  tasks  on  schedule,  and 
dealing  with  them  as  they  became  intoxicated  (or  sick) . 

A-l. 3 SUBJECT  SAFETY 

The  subjects  were  monitored  by  a physician  during  their 
exposure  to  alcohol.  After  testing,  they  were  not  allowed  to 
leave  until  their  BAQ  level  had  dropped  below  at  least  0.051. 

They  were  not  permitted  to  drive  themselves  home  at  that  level 
of  intoxication,  but  were  paid  to  go  either  by  taxi  or  with 
a friend. 

A- 1.4  TRAINING  AND  PERFORMANCE  TESTING 

Details  of  the  scheduling  and  motivation  schemes  used  can 
be  found  in  Volume  II.  Subjects  had  to  be  trained  on  the  devices 
for  several  days  before  their  learning  curve  reached  a plateau. 

All  subjects  were  paid  a base  rate  plus  an  incentive  bonus 
each  time  they  passed  a test.  This  incentive  was  intended  to 
provide  motivation  similar  to  that  of  a person  actually  trying 
to  start  a car. 
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A- 1.5  ALCOHOL  EXPOSURE 


During  the  testing  sessions,  subjects  were  given  drinks  of 
95-proof  ethyl  alcohol  mixed  with  the  fruit  juice  of  their  choice. 
The  alcohol  dosage  was  calculated  with  Widmark’s  formula1  from  the 
body  weight  of  the  individual.  Apparently  this  formula  underesti- 
mated the  amount  of  alcohol  needed,  however,  since  the  target  BAQ 
levels  were  generally  not  reached.  Also,  it  was  found  that  to 
avoid  nausea,  the  level  of  the  first  dose  had  to  be  lower  than 
those  of  the  later  ones. 

A- 1.6  ALCOHOL  LEVEL  DETERMINATIONS 

The  subjects’  blood  alcohol  levels  were  estimated  by 
means  of  the  Breathalyzer  (Stevenson  Corp.,  Redbank,  N.  J.). 

The  procedures  used  are  described  in  detail  in  Volume  II. 
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A- 2.  'INSTRUMENT  SCREENING  TESTS 


A- 2.1  PROCEDURE 

Subjects  were  trained  on  each  device,  according  to  a 
schedule,  until  they  reached  the  performance  criterion  set  for 
it.  Each  experimental  subject  was  tested  first  in  a pre-alcohol 
control  condition,  then  one  half  hour  after  each  of  the  three 
drinks  (spaced  an  hour  apart),  and  then  at  1,  2,  and  3 hours 
after  the  drink-3  test,  to  monitor  performance  at  decreasing 
blood  alcohol  levels.  Similar  tests  were  performed  on  a smaller 
number  of  control  subjects,  who  received  non-alcoholic  beverages. 

All  subjects  were  given  monetary  rewards  as  motivation 
for  both  cooperation  and  performance  while  under  alcohol. 

Section  A-2.3  discusses  the  specific  training  schedules, 
pass/fail  criteria,  testing,  administration  of  drinks,  recor- 
ding of  BAQ ’ s and  bonus  criteria  for  each  device.  Table  A-l 
shows  the  general  design  of  the  experiment. 


TABLE  A-l.  GENERAL  EXPERIMENTAL  DESIGN 


Device 

Control 

Drink 

Check 

Sub j ects 
Male  Social 
Male  Registry 
Male  Control 
Female  Social 
Female  Registry 
Female  Control 

C 

1 

2 

3 

1 

2 

3 

1 K 

1 K 

1 K 

1 K 

1 K 

1 K 

1.  . .K 

1 9 
9 9 
f 9 
t 9 
9 9 

. . .K 

9 9 
9 9 
9 9 
99 
9 9 

1 . . .K 

9 9 
9 9 
9 9 
9 9 
9 9 

1 . . .K 

9 9 
9 9 
9 9 
9 9 
99 

1.  . .K 

99 
9 9 
99 
99 
99 

1 . . .K 

99 
9 9 
99 
9 9 
99 

For  1 through  K repetitions  within  each  testing  condition. 

During  the  training  period,  each  subject  completed  a Wesman 
2 

Personnel  IQ  test  and  a questionnaire  on  drinking/driving  habits, 
alcohol-related  health  and  psychological  problems,  and  drunk- 
driving arrests  and  convictions.  Age,  weight,  and  sex  were  also 
recorded . 
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A- 2. 2 DEVICES  SELECTED 


On  the  basis  of  previous  evidence  demonstrating  high  corre- 
lations of  blood  alcohol  level  and  performance  on  various  tasks 
as  reported  in  the  literature,  the  following  devices  were  selected 
to  undergo  laboratory  screening  tests  for  suitability  as  ASIS 
devices.  (The  devices  were  obtained  through  loan,  lease,  or  pur- 
chase, or  were  constructed  at  the  Transportation  Systens  Center.) 


Prototype  Theft  Lock 
Critical  Flicker-Fusion  Tester 
Phys tester 

Quickey 

Drunk-Driver  Eliminator 

Compensatory-Tracking  Tester 

Pursuit  - Tracking  Tester  with 
Secondary  Detection  Task 

Complex-Reaction  Tester 

The  task  and  responses  measured 
in  Section  A. 2 . 3 . 


A.  S.  Dwan , Ltd. 

Creare,  Inc. 

Delco  Electronics 
(Div.  of  General  Motors) 

R.  D.  Smith 

TDL  Group  of  Companies 

TSC 

TSC 

TSC 

for  each  device  are  described 


A-2.3  DESCRIPTION  OF  DEVICES  § RESULTS  OF  SCREENING  TESTS 

This  section  describes  the  subject's  task  and  the  responses 
measured  for  each  device.  The  performance  of  drinking  (alcohol) 
and  control  (non-alcohol)  subjects  are  summarized  in  a section 
for  each  device  separately.  For  each  testing  condition,  the  mean 
BAQ  attained,  the  mean  and  standard  deviations  of  the  performance 
scores  (assuming  a normal  distribution,  which  frequently  was  not 
the  case  in  actuality),  and  the  total  number  of  data  points  are 
listed.  The  Pearson-product-moment  correlation  coefficient  for 
each  group  of  subjects,  and  comments  on  the  training  scehdule  and 
motivational  scheme,  are  included. 


34 


The  deviations  of  performance  scores  for  drinking  and  con- 
trol subjects  are  compared.  Normally,  both  groups  should  perform 
equally  well  on  the  first  test  (pre -alcohol ) ; the  performance  of 
the  drinking  subjects  should  then  deteriorate  increasingly  in  com- 
parison to  that  of  the  controls  over  the  drinking  period,  but 
should  return  to  the  control  level  during  the  last,  non-drinking 
period.  Both  sets  of  scores  should  finish  at  the  initial  control 
level,  but  factors  such  as  fatigue  or  boredom  could  lower  the 
latter  scores,  while  continued  learning  could  raise  them.  This 
could  also  happen  to  the  drinking  group. 

Analyses  of  variance  were  done  for  drinking  groups'  results, 
to  determine  whether  the  testing  conditions  or  repetitions  within 
testing  conditions  affected  the  subjects'  performances.  (Post- 
hoc  tests  were  done  to  determine  which  testing  conditions  differed.) 
Lastly,  a plot  of  the  performance  scores  on  each  device  as  a 
function  of  BAQ  is  presented  together  with  a regression  line.  The 
regression  line  is  bracketed  with  lines  enclosing  80%  of  the  data 
points  to  indicate  the  amount  of  dispersion  inherent  in  the  data. 

The  coefficient  of  correlation  and  its  statistical  significance 
are  also  reported  for  each  device. 

A-2.3.1  Prototype  Theft  Lock 

A-2.3.1.1  Description  of  Subjects'  Task  on  the  Device-A.  S. 
Dwan  Ltd. 3 has  developed  a prototype  theft-resistant  lock  whose 
operation  requires  considerable  hand  steadiness,  dexterity,  and 
control  precision.  The  user  must  set  a numbered  combination  and 
precisely  insert  the  ignition  key  within  a 15-second  period.  If 
the  operator  sets  the  combination  incorrectly,  is  clumsy  in 
inserting  the  key,  or  exceeds  the  time  allowed,  he  is  prevented 
from  starting  his  vehicle.  The  device  is  completely  mechanical. 

Once  the  key  has  been  inserted,  the  driver  does  not  have  to  take 
the  test  again  even  if  the  vehicle  stalls.  Since  the  device  is 
also  intended  as  an  anti-theft  measure,  no  override  provision 
is  included. 
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Responses  were  measured  in  terms  of  the  time  (in  seconds) 
required  by  the  subject  to  respond  correctly.  For  example,  a 
subject  might  start  a trial,  perhaps  set  the  combination 
incorrectly  or  be  clumsy  in  inserting  the  key,  and  fail;  he  would 
then  start  again  and  perform  the  task  correctly.  This  total 
time  was  recorded. 

A-2.3.1.2  Results  - Subjects  repeated  the  task  five  times 
for  each  of  the  seven  testing  conditions.  Table  A-2  lists  the 
mean  BAQ  attained,  mean  time  to  complete  the  task,  standard  de- 
viation  (assuming  that  the  distribution  was  normal,  which  was 
not  the  case),  and  the  number  of  data  points  per  cell.  The 
correlation  coefficients  of  BAQ  by  performance  are  shown,  along 
with  their  level  of  significance  for  each  group  of  subjects. 

(Note  that  control  subjects  received  no  alcohol.)  Finally,  the 
training  criterion  and  the  motivational  scheme  used  during  testing 
are  listed. 

Mean  times - to-completion  as  a function  of  testing  conditions 
for  six  female  social  drinking  subjects  and  one  female  social 
control  subject  are  plotted  in  Figure  A-l.  Results  for  the  17 
male  social  drinking  subjects  and  the  five  male  social  control 
subjects  are  given  in  Figure  A-2. 

A summary  of  an  analysis  of  variance  (see  Volume  II)  for 
the  male  social  subjects  is  reported  in  Table  A-3.  This  analysis 
showed  that  the  testing  conditions  [F(6,96)=  4.76,  p<0.01]  and 
repetitions  within  each  trial  [F(4,64=  262  , p < 0 . 0 5]  were 
statistically  significant.  A Tukey  wholly-significant-difference 
(WSD)  test  after  analysis  of  variance  showed  that  although  the 
mean  of  the  drink-2  condition  reflected  the  slowest  performance 
by  subjects,  the  drink-2  condition  did  not  differ  significantly 
from  the  means  of  either  the  drink-3  or  the  check-2  condition. 

The  mean  performance  level  obtained  during  the  drink-3  condition 
differed  only  from  the  check-3  condition. 

An  analysis  of  variance  on  the  six  social  female  subjects  did 
not  show  any  significant  results.  A summary  of  this  analysis  is 
presented  in  Table  A-4. 
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Figure  A- 1 . Performance  on  the  Prototype  Theft  Lock  Device  as  a Function  of  Testing  Condi- 
tions for  Six  Female  Social  Drinking  Subjects  and  One  Female  Social  Control 
Sub j ect 
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TABLE  A- 2.  SUMMARY  OF  PERFORMANCE  ON  THE  PROTOTYPE  THEFT  LOCK  DEVICE 
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TABLE  A- 3 SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  17  MALE  SOCIAL  DRINK- 
ERS ON  THE  PROTOTYPE  THEFT  LOCK  DEVICE 


Sources  of 

Degrees  of 

Sums  of 

Mean 

F 

Variance 

Freedom 

Squares 

Squares 

Ratio 

Total 

594 

348,186 .25 

586.17 

Repetitions  (5) 

4 

4,939.25 

1,234.81 

2.62* 

Testing 

Conditions  (7) 

6 

17,810.50 

2,968.42 

4 . 76** 

Subjects  (17) 

16 

49,699.50 

3,106 . 20 

R x T 

24 

15,119.50 

629.98 

R x S 

64 

30,144.00 

471.00 

T x S 

96 

59,833 .25 

623.26 

R x T x S 

384 

170,640 . 50 

444 . 38 

*p<  0.05.  **p<0.01. 


TABLE  A- 4.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  SIX  FEMALE 
SOCIAL  DRINKING  SUBJECTS  USING  THE  PROTOTYPE 
THEFT  LOCK  DEVICE 


Sources  of 
variance 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Squares 

F 

Ratio 

Total 

209 

2,095,900.50 

10,038.23 

Repetitions (5) 

4 

16,476.75 

4,119.19 

1.31 

Testing 
Conditions (7) 

6 

137,428.00 

22,904.66 

1.04 

Subjects (6) 

5 

196,173.12 

39,234.62 

1.04 

RxT 

24 

127,271.25 

5,302.97 

RxS 

20 

62,789.00 

3,139.45 

TxS 

30 

663,348.50 

22,111 . 61 

RxTxS 

120 

892,413.87 

7,436.78 
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Finally,  Figure  A-3  shows  the  scatterplot  of  the  performance 
time  (in  seconds)  on  the  Prototype  Theft  Lock  Device  for  all  drink- 
ing subjects  as  a function  of  BAQ  (r,p(N  = 835)  = 0.156  , p<0.05). 

A-2.3.2  Critical  FI icker - Fus ion  Tester 

A-2.3.1  Description  of  Subject’s  Task  on  the  Device  - 

This  unit,  developed  by  Creare  Incorporated^,  requires  the  operator 
to  indicate  whether  the  target  light  is  flickering  or  steady.  The 
device's  ability  to  determine  intoxication  is  dependent  upon  a 
reduction  in  the  critical  flicker- fusion  frequency  which  accom- 
panies intoxication.  In  reality,  the  target  is  always  flickering, 
but  the  rate  of  flicker  reaches  a point  at  which  the  operator 
sees  it  as  steady.  In  practice,  the  device  must  be  set  for  each 
operator's  normal  flicker  threshold.  Then,  if  his  judgment  is 
incorrect  on  more  than  a preset  number  of  trials,  he  is  prevented 
from  starting  his  vehicle. 

A-2.3.2  Results  - Subjects'  thresholds  were  measured  three 
times  at  each  testing  condition.  Responses  are  measured  in  terms 
of  the  frequency  at  which  the  subject  notices  a change  from  a steady 
to  a flickering  target  and  the  reverse.  Table  A- 5 lists  mean  BAQ 
attained,  mean  critical  flicker- fusion  threshold  (in  Hz),  standard 
deviation (assuming  that  the  distribution  was  normal,  which  was 
not  the  case),  and  the  number  of  data  points  per  cell.  The 
correlation  coefficient  of  BAQ  with  performance  is  shown,  along 
with  the  number  of  pairs  and  level  of  significance,  for  each 
group  of  subjects.  Training  criteria  and  motivation  scheme  are 
also  listed. 

Figure  A-4  shows  the  mean  critical  flicker- fusion  frequency 
for  the  eight  female  social  drinking  subjects  and  the  one  female 
social  control  subject  as  a function  of  testing  conditions.  Figure 
A-5  shows  the  same  for  the  17  male  social  drinking  subjects  and 
the  one  male  social  control  subject. 

A summary  of  an  analysis  of  variance  for  the  male  social 
drinking  subjects  is  reported  in  Table  A-6.  This  analysis  showed 
that  only  the  testing-conditions  variable  [F (6 , 102)  = 5 . 36  ,p< 0 . 00 5] 
reached  significance.  A Tukey  WSD  test  showed  after  analysis  of 
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Figure  A-3. Scatterplot  of  Performance  Time  (in  Seconds)  on  the  Prototype  Theft  Lock  Device 
as_a  Function  of  BAQ , and  Regression  Line  with  Brackets  Enclosing  801  of  the 
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TABLE  A- 5.  SUMMARY  OF  PERFORMANCE  ON  THE  CRITICAL  FLICKER  FUSION  DEVICE 
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TABLE  A -6.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  17  MALE  SOCIAL  DRINK- 
ING SUBJECTS  ON  THE  CRITICAL  FLICKER -FUSION  DEVICE* 


Sources  of 
Variance 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Squares 

F 

Ratio 

Total 

377 

409,952.0 

1,087.41 

Repetitions  C3) 

2 

80.0 

40.0 

1.25 

Testing  (7) 
Conditions  * 

6 

10,720.0 

1,786.67 

5.36** 

Subjects  (18) 

17 

355,424.0 

20,907.29 

R x T 

12 

448.0 

37 . 33 

R x S 

34 

1,088.0 

32.02 

T x S 

102 

33,792.0 

333.29 

R x T x S 

204 

8,400.0 

41.18 

*Due  to  an  error,  one  male  registry  subject  was  counted  as 
a male  social  subject;  however,  correcting  for  this  er- 
ror would  not  alter  the  results  of  this  analysis. 

**p  < 0.005 


TABLE  A- 7.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  EIGHT  FEMALE  SOCIAL 
DRINKING  SUBJECTS  ON  THE  CRITICAL  FLICKER-FUSION  DEVICE 


Sources  of 
Variance 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Squares 

F 

Ratio 

Total 

167 

179,352.0 

1,073.96 

Repetitions  (3) 

2 

152.0 

76.0 

1.30 

Testing 

Conditions  (7) 

6 

13,952.0 

2,352. 33 

35.59* 

Subjects  (18) 

7 

165,112.0 

23,587.43 

R x T 

12 

464.0 

38.67 

R x S 

14 

816.0 

58 . 29 

T x S 

42 

2,776.0 

66.10 

R x T x S 

84 

1,632.0 

19.43 

*p  . <0.01 


% 
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variance  that  the  means  of  the  control  and  the  drink- 1 
conditions  were  significantly  different  from  the  means  of  the 
drink-2,  drink-3  and  check-1  testing  conditions.  All  other  means 
were  not  significantly  different  from  each  other. 

An  analysis  of  variance  for  the  eight  female  social  subjects 
again  showed  only  testing  conditions  [F (6 , 42) =35 . 59 , p<0.01]  to 
be  significant.  A summary  of  this  analysis  is  presented  in 
Table  A-7. 

Finally,  Figure  A-6  shows  the  scatterplot  of  the  critical 
flicker- fusion  frequency  (Hz)  for  all  drinking  subjects  as  a 
function  of  BAQ  (r-p  (N=  5 6 7 ) = -0.11  , p<0.05). 

A-2.3.3  Drunk-Driver  Eliminator 

A-2.3.3.1  Description  of  Subjects1  Task  on  the  Device  - 

This  unit,  developed  by  the  TDL  Group  of  Companies5,  requires  the 
operator  to  make  closely  coordinated  and  sequenced  manual  and 
pedal  responses.  Specifically,  the  operator  turns  a key  and 
immediately  depresses  the  brake  pedal.  Responses  having  a long 
latency,  and/or  the  inversion  of  the  standard  manual/pedal  response 
sequence  are  considered  to  indicate  intoxication,  and  result  in  the 
operator's  failing  the  test.  Response  time  in  measured  in  milli- 
seconds from  the  turning  of  the  key  to  the  depression  of  the  brake 
pedal . 

A-2.3.3. 2 Results  - Subjects  repeated  the  task  15  times  for 
each  of  the  seven  testing  conditions.  Table  A-8  gives  mean  BAQ 
attained,  mean  time  to  complete  the  task,  standard  deviation 
(assuming  that  the  distribution  was  normal,  which  was  not  the 
case),  and  the  number  of  data  points  per  cell.  The  correlation 
coefficients  of  BAQ  with  performance  are  shown,  along  with  the 
number  of  pairs  and  level  of  significance,  for  each  group  of 
drinking  subjects.  Training  criterion  and  motivation  schemes  are 

also  listed. 

Figure  A-7  shows  the  mean  reaction  time  in  milliseconds 
for  the  16  male  social  drinking  subjects  and  the  five  male  social 
control  subjects  as  a function  of  testing  conditions.  Means 
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REACTION  TIME  (IN  MILLISECONDS) 


TESTING  CONDITIONS 


Figure  A- 7.  Performance  on  the  Drunk-Driver  Eliminator  as  a Function 
of  Testing  Conditions  for  the  16  Male  Social  Drinking 
and  the  Five  Male  Social  Control  Subjects 
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TABLE  A- 8.  SUMMARY  OF  PERFORMANCE  ON  THE  DRUNK-DRIVER  ELIMINATOR  DEVICE 
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for  the  six  female  social  drinking  subjects  and  the  one  female 
social  control  subject  are  presented  in  Figure  A-8. 

A summary  of  the  analysis  of  variance  for  the  male  social 
drinking  subjects  is  reported  in  Table  A-9.  This  analysis 
revealed  that  neither  testing  conditions  nor  repetitions  reached 
significance.  Similiar  results  were  observed  for  the  female 
social  drinking  subjects  (Table  A-10).  The  scatterplot  of  the 
reaction  times  (in  milliseconds)  as  a function  of  BAQ  for  all 
subjects  is  given  in  Figure  A-9  (r^(2523)  = 0.046,  p>0.05.). 


A- 2. 3.4  Pursuit  - Tracking  Tester  with  Secondary  Detection  Task 

A-2.3.4.1  Description  of  Subjects'  Task  of  the  Device  - 
Developed  by  the  Transportation  Systems  Center,  this  device 
requires  the  operator  to  perform  a pursuit  - tracking  task  and 
simultaneously  respond  promptly  and  correctly  to  a pair  of 
visual  stimuli.  In  short,  it  is  a divided-attention  task,  in 
which  two  different  responses  are  required  of  a subject. 
Specifically,  the  operator  tracks  a moving  target  in  a typical 
pursuit- tracking  situation.  The  dependent  variable  is  the 
integrated  absolute  position  difference  between  the  target  and 
the  operator-controlled  indicator.  At  the  same  time,  the  operator 
is  also  required  to  monitor  a separate  display,  pressing  one  of 
two  response  buttons  depending  on  the  picture  presented.  Here, 
the  dependent  variable  is  the  per  cent  of  correct  responses  to 
the  visual  stimulus.  In  practice,  if  the  operator’s  tracking 
score  exceeds  a preset  threshold,  or  if  he  responds  too  slowly 
or  incorrectly  to  the  visual  stimuli,  it  is  taken  as  an  indication 
of  intoxication. 


A-2.3.4.2  Results  ~ Subj  ects  completed  five  trials  for  each 
of  the  seven  testing  conditions.  Table  A-ll  gives  mean  BAQ 
attained,  mean  absolute  difference  error  (in  volt  - seconds) , 
standard  deviation,  and  the  number  of  data  points  per  cell.  The 
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MEAN  REACTION  TIME  (IN  MILLISECONDS) 


! 


TESTING  CONDITIONS 


Figure  A- 8 . Performance  on  the  Drunk-Driver  Eliminator  as  a Function 
of  Testing  Conditions  for  the  Six  Female  Social  Drinking 
and  the  One  Female  Social  Control  Subjects 
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BAQ 

Figure  A- 9.  Scatterplot  of  Reaction  Time  (in  milliseconds)  on  the  Drunk-Driver  Eliminator 
as  a Function  of  BAQ  for  All  Drinking  Subjects,  and  regression  Line  with 
Brackets  Enclosing  80%  of  the  Points 


TABLE  A- 9 SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  16  MALE  SOCIAL 
DRINKING  SUBJECTS  ON  THE  DRUNK-DRIVER  ELIMINATOR* 


Sources  of 

Degrees  of 

Sums  of 

Mean 

F 

Variance 

Freedom 

Squares 

Squares 

Ratio 

Total 

1994 

384,802,816.0 

192,980 .28 

Repetitions  (3) 

14 

2,045,984.0 

146,141.69 

1 .05** 

Testing 

Conditions  (7) 

6 

2,690,640.0 

448,439.94 

0.63** 

Subjects  (7) 

17 

26,581,856.0 

1,476,769 . 50 

R x T 

84 

12,492,976.0 

148,725.88 

R x S 

252 

35,037,776.0 

139,038.78 

T x S 

108 

76,337,504.0 

706,828.50 

R x T x S 

1512 

229,616,032.0 

151,862.41 

*Due  to  an  error,  two  male  registry  subjects  were  erroneously 
counted  as  male  social  drinking  subjects.  However,  correcting 
for  this  error  would  not  alter  the  results  of  this  analysis. 
**p  < 0.05 


TABLE  A- 10.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  SIX  FEMALE  SOCIAL 
DRINKING  SUBJECTS  ON  THE  DRUNK-DRIVER  ELIMINATOR 
DEVICE 


Sources  of 

Degrees  of 

Sums  of 

Mean 

F 

Variance 

Freedom 

Squares 

Squares 

Ratio 

Total 

629 

396,942,080.0 

631,068. 38 

Repetitions  (15) 

14 

5,980,032.0 

427,145.06 

1 .05* 

Testing 

Conditions  (7) 

6 

14,516,836.0 

2,419,472. 50 

1.07* 

Subjects  (6) 

5 

22,495,708.0 

4,499,141.00 

R x T 

84 

38,441,136.0 

457,632.50 

R x S 

70 

28,559,636.0 

407,994 .75 

T x S 

30 

68,176,864.0 

2,272,561.50 

R x T x S 

420 

218,771,744.0 

520,885.06 

* p <0.05 
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TABLE  A- 11.  SUMMARY  OF  PERFORMANCE  ON  THE  PURSUIT  TRACKING  TESTER  WITH  RECORDING  DETECTION 
TASK 
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correlation  coefficients  of  BAQ  with  performance  are  shown,  along 
with  the  number  of  pairs  and  level  of  significance,  for  each 
group  of  drinking  subjects.  Training  procedure  and  motivation 
scheme  used  are  also  listed. 

Figure  A-10  shows  the  mean  integrated- absolute  - difference 
error  (in  volt-seconds)  for  the  15  male  social  drinking  subjects 
as  a function  of  testing  conditions.  There  were  no  male  social 
control  subjects  for  this  test.  Figure  A-ll  gives  the  mean  error 
for  the  five  female  social  drinking  subjects.  Again,  there  were 
no  female  social  control  subjects.  Instead,  a realistic  number 
of  registry  subjects  were  run..  Figure  A-12  shows  the  mean 
integrated- absolute -difference  error  in  volt-seconds  for  the  11 
male  registry  drinking  subjects  as  a function  of  testing  conditions 
Means  for  the  two  female  registry  drinking  subjects  are  given  in 
Figure  A-13. 

Because  there  were  no  control  subjects  and  relatively  few 
female  subjects,  it  was  decided  to  pool  the  registry  and  social 
subjects,  ignoring  gender  differences,  and  analyze  the  data  for 
differences  due  to  drinking  history.  Figure  A-14  shows  the  mean 
integrated-absolute-difference  error  (in  volt  - seconds ) as  a 
function  of  testing  conditions  for  the  20  social  and  12*  registry 
subjects.  Figure  A-15  shows  the  percentage  of  correct  responses 
to  the  visual  stimuli  for  the  same  groups  of  subjects. 

A summary  of  the  analysis  of  variance  for  the  mean  integrated- 
absolute-difference  error  for  the  20  social  subjects  is  reported 
in  Table  A-12.  Both  repetitions  (F (4 , 76) =4 . 46  , p<0.01)  and/ 
testing  conditions  (F  (6.,  114)  = 11 . 33  , p<0 . 001 ) reached  significance. 

A Tukey  WSD  test  showed  that  performance  in  the  drink-3  condition 
was  significantly  poorer  than  that  in  all  other  testing  conditions. 
No  other  significant  mean  differences  were  found. 
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Figure  A-10.  Performance  on  the  Pursuit  - Tracking  Tester  as  A Function  of  Testing  Conditions 
for  the  15  Male  Social  Drinking  Subjects 
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MEAN  INTEGRATED  ABSOLUTE  DIFFERENCE  ERROR 
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-14.  Performance  on  the  Pursuit-Tracking  Tester  as  a 
Function  of  Testing  Conditions  for  the  20  Social 
and  12*  Registry  Drinking  Subjects 

One  subject  was  dropped  from  this  graph  because  she 
ill  and  did  not  complete  the  series. 
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MEAN  PERCENT  CORRECT 


PURSUIT-TRACKING  TESTER 
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Figure  A-15.  Performance  on  the  Pursuit -Tracking  Tester  (in 
percentage  of  correct  responses)  as  a Function 
of  Testing  Conditions  for  the  20  Social  and  12* 
Registry  Drinking  Subjects 

*Note:  One  subject  was  dropped  from  this  graph  because  she  became 
ill  and  could  not  complete  therseries. 
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TABLE  A- 12.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  THE  20  SOCIAL 
DRINKING  SUBJECTS  ON  THE  PURSUIT-TRACKING  TESTER: 
INTEGRATED-ABSOLUTE-DIFFERENCE  ERROR  DATA 


Sources  of 
Variance 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 

Squares 

F 

Ratio 

Total 

699 

4,212,416.0 

6 ,026 . 35 

Repetitions  (5) 

4 

27,872.0 

6,968.00 

4.46* 

Test.  Cond's(7) 

6 

439,632.0 

73,271.98 

11 . 33** 

Subjects  (20) 

19 

2,344,264.0 

123,382 . 30 

R x T 

24 

29,952.0 

1,248.00 

R x S 

76 

118 ,792.0 

1,563.05 

T x S 

114 

737,320.0 

6,467.72 

R x T x S 

456 

514,584.0 

1,128.47 

*p  . <0.01 
**p  < 0 .001 

A summary  of  the  analysis  of  variance  for  the  integrated- 
absolute-difference  error  for  12*  registry  subjects  is  reported 
in  Table  A-13.  Only  the  testing  condition  (F (6 , 66) =16 . 51 , 
p <0.001),  not  the  repetitions  within  each  trial  (F  (4 , 44)  = 0 . 68 , 
p <0.05),  was  statistically  significant.  Again,  the  Tukey  WSD 
test  showed  that  performance  in  the  drink-3  condition  was  signi- 
ficantly poorer  than  in  all  other  testing  conditions.  No  other 
significant  mean  differences  were  found. 


*One  subject  was  dropped  from  the  analysis  because  she  became 

ill  and  did  not  complete  the  series. 
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TABLE  A- 13.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  12*  REGISTRY 
SUBJECTS  ON  THE  PURSUIT- TRACKING  TESTER: 
INTEGRATED-ABSOLUTE-DIFFERENCE  ERROR  DATA 


Sources  of 
Variance 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 

Squares 

F 

Ratio 

Total 

419 

5,384,736.0 

12,851.40 

Repetitions  (5) 

4 

12,664.0 

3,166.00 

0.68 

Test.  Cond's(7) 

6 

1,171,048.0 

195,174.62 

16.51** 

Subjects  (12) 

11 

2,105,160.0 

191,378.12 

R x T 

24 

64,280.0 

2,678 . 33 

R x S 

44 

204,744.0 

4,653.27 

T x S 

66 

780,352.0 

11,823.51 

R x T x S 

264 

1,046,488.0 

3,963.97 

*One  subject  was  dropped  from  the  analysis  because  she  became 
ill  and  did  not  complete  the  series. 

**p  < 0.001 


A summary  of  the  analysis  of  variance  for  the  social  drink- 
ing subjects'  correct  responses  to  visual  stimuli  is  reported 
in  Table  A-14.  This  analysis  showed  testing  conditions  (F(6,114)= 
6.55,  p < 0.01)  to  be  a significant  effect.  A Tukey  WSD  test 
showed  that  performance  in  the  drink-3  condition  was  significantly 
poorer  than  on  any  other  trial.  No  other  significant  differences 
were  found. 

A summary  of  the  analysis  of  variance  on  the  percentage  of 
correct  data  for  the  registry  drinking  subjects  is  presented 
in  Table  A-15.  This  analysis  showed  testing  conditions  (F(6,66)= 
9.28,  p < 0.01)  to  be  significant.  A Tukey  WSD  test  showed  that 
here,  too,  performance  in  the  drink-3  condition  was  significantly 
poorer  than  on  any  other  trial,  with  no  other  significant  mean 
differences . 

Figure  A-16  shows  the  scatterplot  of  the  integrated-absolute- 
difference  error  for  all  subjects  as  a function  of  BAQ  (rT  (N=1140) 
0.392,  p < 0.001) . 
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Figure  A-16.  Scatterplot  of  the  Absolute  Integrated  Error  (in  volt  - seconds ) on  the  Pursuit- 
Tracking  Tester  with  Secondary  Detection  Task  Against  BAQ  for  all  Drinking 
•Subjects,  and  Regression  Line  with  Brackets  Enclosing  801  of  the  Points 
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TABLE  A- 14.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  20  SOCIAL 
DRINKING  SUBJECTS  ON  THE  PURSUIT-TRACKING 
TESTER:  PERCENTAGE  OF  CORRECT  RESPONSES 


Sources  of 

Degrees  of 

Sum  of 

Mean 

F 

Variance 

Freedom 

Squares 

Squares 

Ratio 

Total 

139 

697,232.0 

5,016.06 

Test.  Cond's(7) 

6 

96,976.0 

16,162.66 

6.55* 

Subjects  (20) 

19 

319,072.0 

16,793.26 

T x S 

114 

281,184.0 

2,466.52 

*p  < 0.01 


TABLE  A -15.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  12*  REGISTRY 
DRINKING  SUBJECTS  ON  THE  PURSUIT-TRACKING 
TESTER:  PERCENTAGE  OF  CORRECT  RESPONSES 


Sources  of 

Degrees  of 

Sums  of 

Mean 

F 

Variance 

Freedom 

Squares 

Squares 

Ratio 

Total 

83 

940,584.0 

11,332.34 

Test  Cond's(7) 

6 

259,312.0 

43,218.66 

9 .28** 

Subjects  (12) 

11 

373,760.0 

33,978.17 

T x S 

66 

307,504.0 

4,659.15 

*One  subject  was  dropped  from  the  analysis  because  she  became 
ill  and  did  not  complete  the  series. 

**p  < 0.01 
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A-2.3.5  Compensatory-Tracking  Tester 


A-2.3.5.1  Description  of  Subjects*  Task  on  the  Device  - 
Developed  by  the  Transportation  Systems  Center,  this  unit  requires 
the  operator  to  perform  the  compensatory- tracking  task  of  keeping 
a randomly-driven  pointer  centered  by  turning  a knob.  The  task 
runs  for  43  seconds.  The  dependent  variable  is  the  integrated- 
absolute-position  error  (in  volt  - seconds ) . An  absolute-error 
score  which  exceeds  a pass/fail  threshold  results  in  failure. 

(This  threshold  must  be  set  individually  for  each  driver.) 

A-2.3.5. 2 Results  - Subjects  repeated  the  task  five  times 
for  each  of  the  seven  testing  conditions.  Table  A-16  gives  mean 
BAQ  attained,  mean  absolute- integrated-pos it ion  error  (in  volt- 
seconds),  standard  deviation,  and  the  number  of  data  points  per 
cell  for  each  testing  condition.  The  correlation  coefficients  of 
BAQ  by  performance  are  shown,  along  with  the  number  of  pairs  and 
level  of  significance,  for  each  group  of  drinking  subjects. 
Training  schedules  and  the  motivation  scheme  used  during  test- 
ing are  also  listed. 

No  control  subjects  were  tested  on  this  device;  a substantial 
number  of  registry  subjects  were  run,  however.  Relatively  few 
females  participated,  and  again  it  was  decided  to  ignore  any 
gender  effects  and  pool  the  registry  and  social  subjects. 

A summary  of  the  analysis  of  variance  for  the  integrated- 
absolute-position  error  scores  for  the  20  social  subjects  is 
reported  in  Table  A-17.  This  analysis  shows  that  only  testing 
conditions  (F  (6 , 1 1 4 ) = 9 . 14  , p < 0.01),  and  not  the  repetitions 
within  each  trial  (F(4,76)  = 0.65,  p < 0.05), were  statistically 
significant.  The  Tukey  WSD  test  showed  that  performance  under  the 
drink-3  condition  was  significantly  poorer  than  that  for  all 
other  testing  conditions.  No  other  significant  mean  differences 
were  found. 
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TABLE  A- 16 . SUMMARY  OF  PERFORMANCE  ON  THE  COMPENSATORY- TRACKING  TESTER 
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TABLE  A- 16 . SUMMARY  OF  PERFORMANCE  ON  THE  COMPENSATORY- TRACKING  TESTER 
(Continued) 
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TABLE  A- 17.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  20  SOCIAL  DRINKING 
SUBJECTS  ON  THE  COMPENSATORY-TRACKING  TESTER 


Sources  of 
Variance 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 

Squares 

F 

Ratio 

Total 

699 

2,223,272.0 

3,180.65 

Repetitions  (5) 

4 

2,768.0 

692.00 

0.65 

Testing 

Conditions  (7) 

6 

231,968.0 

38,661.33 

9.14* 

Subjects  (20) 

19 

919,328.0 

48,385.67 

R x T 

24 

42,824.0 

1,784.33 

R x S 

76 

81,392.0 

1,070.95 

T x S 

114 

482,280.0 

4,230.52 

R x T x S 

456 

462,712.0 

1 ,014.72 

*p  . <0.01 

A summary  of  the  analysis  of  variance  for  the  12  registry 
subjects  is  reported  in  Table  A-18.  This  analysis  shows  both 
testing  conditions  (F  (6 , 66)  = 8 . 84  , p < 0.01)  and  repetitions 
within  each  trial  (F  (4 , 44)  = 4 . 22  , p < 0.01)  to  be  statistically 
significant  effects.  The  Tukey  WSD  test  showed  that  performance 
under  the  drink-3  condition  was  significantly  poorer  than  that 
for  all  other  testing  conditions.  A Tukey  analysis  of  the 
repetitions  within  each  testing  condition  showed  that  performance 
improved  significantly  from  the  first  through  fifth  repetitions. 

A summary  of  analysis  of  variance  for  all  32  drinking  sub- 
jects on  the  Compensatory-Tracking  Tester  is  presented  in  Table 
A-19.  This  analysis  shows  that,  with  subjects  pooled,  both  test- 
ing conditions  (F  (6 , 186)  = 1 7 . 61 , p < 0.01)  and  repetitions  within 
each  testing  condition  (F  (4 , 124)  = 3 . 06 , p < 0.01)  were  statistically 
significant . 
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Figure  A-17  presents  the  scatterplot  of  the  absolute- 
integrated-position  error  (in  volt- seconds ) for  all  subjects  as 
a function  of  BAQ  (r^  (N=1120)=0 . 329 , p < 0.01). 


TABLE  A- 18.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  12  REGISTRY 


DRINKING  SUBJECTS  ON  THE  COMPENSATORY-TRACKING 
TESTER 


Sources  of 
Variance 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Squares 

F 

Ratio 

Total 

419 

1,548,848.0 

3,696.53 

Repetitions  (3) 

4 

18,160.0 

454.00 

4 .22* 

Testing 

Conditions  (7) 

6 

209,392.0 

34,898.66 

8.84* 

Subjects  (12) 

11 

690,104.0 

62,736.72 

R x T 

24 

34,664.0 

1,444 . 33 

R x S 

44 

47,280.0 

1,074.54 

T x S 

66 

260,520.0 

3,947.27 

R x T x S 

264 

288,728.0 

1,093.67 

*p  <0.01 


TABLE  A- 19  . 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  ALL  32  DRINKING 
SUBJECTS  ON  THE  COMPENSATORY- TRACKING  TESTER 


Source  of 
Variation 

Sums  of 
Squares 

Degrees  of 
Freedom 

Mean 

Squares 

F 

Ratio 

Total 

3874032 . 000 

1119 

3462.047 

Repetitions (5) 

13680.000 

4 

3400.000 

3 . 06* 

Testing 
Conditions (7) 

495144.000 

6 

71357.328 

17.61* 

Subj  ects (32) 

1710464.000 

31 

55176 . 250 

R x T 

50512.000 

24 

2104.667 

R x S 

137648.000 

124 

1110.064 

T x S 

753600 .000 

136 

4051.612 

R x T x S 

780064 .000 

744 

1048.473 

*p  < 0.01 
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Figure  A-17.  Scatterplot  of  Absolute  Integrated  BAQ  Position  Error  (in  volt-seconds) 
the  Compensatory-Tracking  Tester  against  BAQ  for  all  Drinking  Subjects, 
Regression  line  with  Brackets  Enclosing  801  of  the  Points 


A-2.3.6  Complex-Reaction  Tester 

A-2.3.6.1  Description  of  Subjects*  Task  on  the  Device  - 
Developed  by  the  Transportation  Systems  Center,  this  unit  re- 
quires the  operator  to  perform  a complex- reaction  task  which  has 
both  compatible  and  incompatible  stimulus/response  combinations. 
Such  a task  is  sensitive  to  reaction  latency,  information-pro- 
cessing ability,  motor  coordination,  and  attention.  The  operator 
is  presented  with  a four-stimulus  display,  composed  of  four  lights 
arranged  as  the  corners  of  a rectangle.  The  display  stimuli  form 
two  vertical  pairs,  since  the  horizontal  dimension  of  the  stimulus 
display  is  much  greater  than  the  vertical.  The  operator  must 
respond  to  stimuli  in  the  upper  corners  by  pressing  a button  on 
the  same  side  of  the  rectangle  as  the  stimulus.  This  is  considered 
a compatible  response.  The  operator  must  respond  to  stimuli  in 
the  lower  corners  of  the  rectangle  by  pressing  a button  on  the 
opposite  side  of  the  rectangle  from  the  stimulus.  This  is  con- 
sidered an  incompatible  response.  Pressing  the  wrong  button  or 
taking  more  than  0.9  seconds  to  respond  is  recorded  as  an  error. 
Eight  stimuli  constitute  a trial.  Measures  recorded  are:  total 

reaction  time  (in  milliseconds)  to  responses  on  the  same  and 
opposite  side,  and  total  number  of  errors. 

A-2.3.6. 2 Results  - Subjects  repeated  the  test  five  times 
per  testing  condition.  The  results  are  presented  in  three  sec- 
tions: error  data,  same-reaction  time,  and  opposite-reaction  time. 

a . Error  Data 

Table  A-20  lists  mean  BAQ  attained,  mean  number  of  errors, 
standard  deviation,  and  the  number  of  data  points  per  cell.  The 
correlation  coefficients  of  BAQ  by  performance  are  shown  for 
the  number  of  pairs  of  data  points,  along  with  their  level  of 
significance,  for  each  group  of  drinking  subjects.  The  training 
criterion  and  the  motivation  scheme  used  during  testing  are 
also  listed. 
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TABLE  A- 20.  SUMMARY  OF  PERFORMANCE  (MEAN  NUMBER  OF  ERRORS)  ON  THE  COMPLEX-REACTION  TESTER 
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TABLE  A- 20.  SUMMARY  OF  PERFORMANCE  (MEAN  NUMBER  OF  ERRORS)  ON  THE  COMPLEX-REACTION  TESTER 
(CONTINUED) 
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Figure  A-18  shows  the  mean  number  of  errors  for  the  12 
male  social  drinking  subjects  and  the  two  male  social  control  sub- 
jects as  a function  of  testing  conditions.  A summary  of  the 
analysis  of  variance  for  the  12  male  social  drinking  subjects  is 
presented  in  Table  A-21.  This  analysis  shows  only  the  testing 
conditions  (F  (6 , 66)  = 3 . 56 , p < 0.01),  not  the  repetitions  within 
each  trial  (F  (4 ,44)  = 1 . 73  , P > 0.05),  to  be  statistically  signifi- 
cant effect.  The  Tukey  WSD  test  for  mean  differences  showed  that 
performance  for  the  drink-3  condition  was  significantly  worse  than 
that  for  all  other  testing  conditions.  No  other  significant  mean 
differences  were  found. 

Figure  A-19  shows  the  mean  number  of  errors  for  the  five  fe- 
male social  drinking  subjects  and  the  one  female  social  control 
subject  as  a function  of  testing  conditions.  A summary  of  the 
analysis  of  variance  for  the  mean  number  of  errors  for  the  five 
female  social  subjects  is  reported  in  Table  A-22.  This  analysis 
shows  that  neither  the  testing  conditions  (F  (6 , 24)  = 1 . 87  , p > 0.05) 
nor  the  repetitions  within  each  trial  (F  (4 , 16)  = 0 . 9 2 , p > 0.05) 
had  significant  effects. 

Figure  A-20  presents  the  scatterplot  of  number  of  errors 
for  all  drinking  subjects  as  a function  of  BAQ  (r^  (M=625)=0 . 153 , 

p < 0.01) . 

b . Same-Reaction  Time  Data 

Table  A- 23  lists  mean  BAQ  attained,  mean  time  to  complete 
a trial  (in  milliseconds),  standard  deviation,  and  the  number 
of  data  points  per  cell.  The  correlation  coefficients  of  BAQ 
with  performance  are  shown,  along  with  the  number  of  pairs  and 
level  of  significance,  for  each  group  of  drinking  subjects.  (Note 
that  control  subjects  received  no  alcohol.)  The  training  criterion 
and  the  motivation  scheme  used  during  testing  are  also  listed. 

Figure  A-21  presents  the  mean  same-reaction  times  for  the 
12  male  social  drinking  subjects  and  the  two  male  social  control 
subjects  as  a function  of  testing  conditions.  A summary  of  the 
analysis  of  variance  for  the  12  experimental  subjects  is  presented 
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COMPLEX-REACTION  TESTER 
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Figure  A-19.  Performance  on  the  Compl ex  - Reaction  Tester  Measured  as  Mean  Number  of  Errors 
as  a Function  of  Testing  Conditions  for  the  Five  Female  Social  Drinking  and 
the  One  Female  Control  Subjects 
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Figure  A-20.  Scatterplot  of  Number  of  Errors  on  the  Complex-Reaction  Tester  against  BAQ 
for  all  Drinking  Subjects,  and  Regression  Line  with  Brackets  Enclosing  801 
of  the  Points 
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Figure  A-21.  Performance  on  the  Complex-Reaction  Tester  Measured  as  Same-Reaction  Time 
(in  Milliseconds)  as  a Function  of  Testing  Conditions  for  the  12  Male 
Social  Drinking  Subjects  and  the  Two  Male  Control  Subjects 


; TABLE  A- 21.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  [NUMBER  OF  ERRORS)  FOR 
12  MALE  SOCIAL  DRINKING  SUBJECTS  ON  THE  COMPLEX- 
REACTION  TESTER 


Sources  of 
Variance 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Squares 

F 

Ratio 

Total 

419 

799 .25 

1.91 

Repetitions  [3' 

4 

7.25 

1.81 

1 . 73 

Testing 

Conditions  [7) 

6 

40.31 

6.72 

3.56* 

Subjects  [12) 

11 

342.28 

31.12 

R x T 

24 

20.02 

0.83 

R x S 

44 

46.01 

1.05 

T x S 

66 

124.66 

1.89 

R x T x S 

264 

218.73 

0 .83 

*P 

<0.01 

TABLE  A- 2 2 . SUMMARY  OF  ANALYSIS  OF  VARIANCE  [NUMBER  OF  ERRORS)  FOF 
FIVE  FEMALE  SOCIAL  DRINKING  SUBJECTS  ON  THE  COMPLEX- 
REACTION  TESTER 


Sources  of 
Variance 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Squares 

F 

Ratio 

i Total 

174 

96.49 

0 . 56 

Repetitions  [3' 

4 

1.85 

0.46 

0.92 

Testing 

Conditions  [7) 

6 

5.14 

0 . 86 

1.87 

Subjects  [5) 

4 

10.27 

2.57 

R x T 

24 

9 .65 

0.40 

R x S 

16 

8.07 

0 . 50 

T x S 

24 

11.08 

0.46 

R x T x S 

96 

50.43 

0 .52 

TABLE  A- 23.  SUMMARY  OF  PERFORMANCE  (SAME- REACTION  TIME)  ON  THE  COMPLEX  REACTION  TESTER 
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TABLE  A- 23.  SUMMARY  OF  PERFORMANCE  (SAME -REACTION  TIME)  ON  THE  COMPLEX -REACTION  TESTER 
(Continued) 
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in  Table  A-24.  Only  testing  conditions  (F  (6 , 44 ) =6 . 8 7 , p < 0.01), 
and  not  the  repetitions  within  each  testing  condition  (F(4,24)= 
0.57,  p > 0.05),  was  statistically  significant.  A Tukey  WSD 
test  showed  no  significant  differences  between  the  control  con- 
dition and  the  drink-3  condition,  but  reaction  times  were  signi- 
ficantly worse  (p  < 0.05)  for  the  check-3  condition. 


TABLE  A-24.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  (SAME -REACT I ON  TIME) 
FOR  12  MALE  SOCIAL  SUBJECTS  ON  THE  COMPLEX-REACTION 
TESTER 


Sources  of 
Variance 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F 

Ratio 

Total 

419 

884,572.0 

2,111.15 

Repetitions  (5) 

4 

1,196.0 

299.00 

0.57 

Testing 
Conditions  (7) 

6 

55,480.0 

9,246.67 

6.87* 

Subjects  (12) 

11 

540,424.0 

49,129.44 

R x T 

24 

11,068.0 

461.17 

R x S 

44 

23,296.0 

529.45 

T x S 

66 

88,884.0 

1,346.73 

R x T x S 

264 

164,224.0 

622.06 

*p  <0.01 

Figure  A-22  shows  the  mean  same-reaction  times  for  the  five 
female  social  subjects  and  the  one  female  social  control  subject 
as  a function  of  testing  condition.  A summary  of  the  analysis 
of  variance  for  the  25  experimental  subjects  is  presented  in 
Table  A-25.  This  analysis  shows  that  neither  the  testing  con- 
ditions (F  (6 , 24) =1 . 13 , p > 0.05),  nor  the  repetitions  within 
trials  (F (4 , 16) =1 . 94 , p > 0.05),  were  significant. 

Finally,  Figure  A-23  presents  the  scatterplot  of  mean  same- 
reaction  times  for  all  drinking  subjects  as  a function  of  BAQ 
(rT  (N=625) =0.115,  p < 0.01) . 
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COMPLEX-REACTION  TESTER 
— 5 FEMALE  SOCIAL  SUBJECTS 
-“-I  FEMALE  CONTROL  SUBJECT 
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TABLE 


A-  2 5 . 


SUMMARY  OF  ANALYSIS  OF  VARIANCE  (SAME -REACT I ON  TIME) 
FOR  FIVE  FEMALE  SOCIAL  DRINKING  SUBJECTS  ON  THE 
COMPLEX-REACTION  TESTER 


Sources  of 
Variance 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Square 

F 

Ratio 

Total 

174 

207,738.0 

1,193.90 

Repetitions  (5) 

4 

1,579.0 

392 . 50 

1.13 

Testing 

Conditions  (7) 

6 

10,396.0 

1,732.67 

1 .94 

Subjects  (5) 

4 

95,592.0 

23,898.00 

R x T 

24 

14,926.0 

621.92 

R x S 

16 

5,578.0 

348.62 

T x S 

24 

21,472.0 

894.67 

R x T x S 

96 

58,204.0 

696.29 

c . Opposite-Reaction  Time  Data 

Table  A-26  lists  mean  BAQ  attained,  mean  time  to  complete 
a trial  (in  milliseconds),  standard  deviation,  and  the  number  of 
data  points  per  cell.  The  correlation  coefficients  of  BAQ  with 
performance  are  shown,  along  with  the  number  of  pairs  and  level 
of  significance,  for  each  group  of  drinking  subjects.  (Note 
i that  control  subjects  received  no  alcohol).  Training  criteria 
and  the  motivation  scheme  used  during  testing  are  also  listed. 

Figure  A-24  shows  the  mean  opposite-reaction  times  for 
the  12  male  social  drinking  subjects  and  the  two  male  social 
control  subjects  as  a function  of  testing  condition.  A summary 
of  the  analysis  of  variance  for  the  12  male  drinking  subjects  is 
presented  in  Table  A-27.  This  analysis  shows  that  only  the 
testing  conditions  (F  (6 , 66)  = 2 . 45  , p < 0.05),  and  not  the  repeti- 
tions within  trials  (F  (4 , 44)  = 1 . 62  , p > 0.05),  was  significant. 

A Tukey  WSD  test  for  these  subjects  showed  that  performance  on  the 
check-3  condition  was  significantly  faster  (p  < 0.05)  than  on  all 
other  conditions.  No  other  significant  differences  were  found. 
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Figure  A-24.  Performance  on  the  Complex-Reaction  Tester  for  Opposite-Reaction  Time  (in 
milliseconds)  as  a Function  of  Testing  Condition  for  the  12  Male  Social 
Drinking  Subjects  and  the  Two  Male  Control  Subjects 


TABLE  A- 26.  SUMMARY  OF  PERFORMANCE  (OPPOSITE-REACTION  TIME)  ON  THE  COMPLEX-REACTION  TESTER 
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TABLE  A- 26.  SUMMARY  OF  PERFORMANCE  (OPPOSITE-REACTION  TIME)  ON  THE  COMPLEX-REACTION  TESTER 
(Continued) 
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TABLE  A- 27.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  OF  THE  OPPOSITE- 
REACTION  TIME  RESPONSE  ON  THE  COMPLEX-REACTION 
TESTER 


Sources  of 
Variance 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 

Square 

F 

Ratio 

Total 

419 

1,645,264.0 

3,926.64 

Repetitions  (5) 

4 

14,848.0 

3,712.00 

1.62 

Testing 

Conditions  (7) 

6 

85,344.0 

14,224.0 

2.45* 

Subjects  (12) 

11 

556,688.0 

50,607.99 

R x T 

24 

42,128.0 

1,755.33 

R x S 

44 

100,824.0 

2,291.45 

T x S 

66 

383,704.0 

5,813.70 

R x T x S 

264 

461,728.0 

1,748.97 

*p  <0.05 


Figure  A-25  shows  the  mean  opposite-reaction  times  for  the 
five  female  social  drinking  subjects  and  the  one  female  social 
control  subject  as  a function  of  testing  conditions.  A summary 
of  the  analysis  of  variance  for  the  five  experimental  subjects 
is  presented  in  Table  A-28.  This  analysis  shows  that  only  the 
testing  conditions  (F(6,24)=84,  p < 0.01),  and  not  repetitions 
within  trials  (F  (4 , 16)  = 1 . 83  , p > 0.05),  was  significant.  The 
Tukey  WSD  test  showed  the  means  for  the  drink-3  and  Check-1  con- 
ditions to  be  significantly  greater  (p  < 0.05)  than  that  for  all 
other  conditions. 

Figure  A-26  presents  the  scatterplot  of  mean  opposite- 
reaction  time  data  for  all  drinking  subjects  as  a function  of 
BAQ  (rT  (625) =0 . 046  , p > 0.05). 

d . Same-  and  Opposite-Reaction  Times 

Figure  A-27  shows  the  pooled  mean  same-  and  opposite- 
reaction  times  for  the  12  social  male  drinking  subjects  as  a 
function  of  testing  conditions.  Figure  A-28  presents  the  means 
for  the  five  social  female  drinking  subjects.  A Tukey  WSD  test 
showed  no  significant  difference  between  the  same-and  opposite- 
reaction  times  for  either  male  or  female  social  subjects. 
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COMPLEX-REACTION  TESTER 
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MEAN  REACTION  TIME  ( IN  MILLISECONDS) 


COMPLEX-REACTION  TESTER 


SAME  — — 

OPPOSITE  

1 ' ' 1 t » — I 1 1 

CONTROL  DRINK  1 DRINK  2 DRINK  3 CHECKI  CHECK  2 CHECK  3 
TESTING  CONDITIONS 


Figure  A-27.  Performance  on  the  Complex-Reaction  Tester  Comparing 
Same-  and  Opposite-Reaction  Times  for  the  12  Male 
Social  Drinking  Subjects 
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MEAN  REACTION  TIME  (IN  MILLISECONDS) 


COMPLEX-REACTION  TESTER 


CONTROL  DRINK  I DRINK  2 DRINK  3 CHECK  I CHECK  2 CHECK  3 


TESTING  CONDITIONS 


Figure  A-28.  Performance  on  the  Complex-Reaction  Tester  Comparing 
Same-  and  Opposite-Reaction  Times  for  the  Five  Female 
Social  Drinking  Subjects 
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TABLE  A- 28.  SUMMARY  OF  ANALYSIS  OF  VARIANCE  (OPPOSITE-REACTION 
TIME)  FOR  FIVE  FEMALE  SOCIAL  DRINKING  SUBJECTS  ON 
THE  COMPLEX-REACTION  TESTER 


Sources  of 
Variance 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 

Square 

F 

Ratio 

Total 

174 

164,345.0 

944 . 56 

Repetitions  (5) 

4 

2,454.0 

613.50 

1.83 

Testing 

Conditions  (7) 

6 

20,894.0 

3,482.33 

* 

GO 

1 

Subjects  (5) 

4 

68,508.0 

17,127.00 

R x T 

24 

10,768.0 

448.67 

R x S 

16 

5,372.0 

335 . 75 

T x S 

24 

17,258.0 

719.08 

R x T x S 

96 

39,100.0 

407 . 29 

*p  <0.01 

A-2.3.7  Phys tester 

A-2.3.7.1  Description  of  Subjects'  Task  on  the  Device  - 
Developed  by  the  Delco  Electronic  Division  of  General  Motors^, 
this  unit  requires  that  the  operator  perforin  a divided- attention 
task.  The  operator  must  first  enter  an  assigned  5-digit  number 
on  a panel  of  numbered  push-buttons  (numbers  0-9)  similar  to  that 
on  a Touch-Tone  telephone.  If  this  is  done  correctly,  a random 
five-digit  number  is  displayed  for  1.5  seconds.  The  operator 
must  key  in  this  five-digit  sequence  on  the  numbered  panel  within 
3.5  seconds.  At  some  time  during  this  process,  a "brake"  signal 
appears  on  the  display  and  the  subject  must  hit  the  brake  pedal 
within  one  second. 

A-2.3.7. 2 Resul t s - Subjects  completed  three  repetitions 
for  each  of  the  seven  testing  conditions.  Table  A-29  lists  mean 
BAQ  attained,  modal  and  median  number  of  successful  trials  out 
of  three  reptitions,  and  number  of  data  points  per  cell.  The 
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TABLE  A- 29.  SUMMARY  OF  PERFORMANCE  ON  THE  PHYSTESTER  DEVICE 
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correlation  coefficients  of  BAQ  by  performance  are  shown  for  the 
number  of  pairs  of  data  points,  along  with  their  level  of  signi- 
ficance, for  each  group  of  drinking  subjects.  Training  schedule 
and  the  motivation  scheme  used  during  testing  are  also  listed. 

No  control  subjects  were  tested  on  this  device,  but  a sub- 
stantial number  of  registry  subjects  were  run.  Subjects  were 
thus  compared  in  the  following  manner:  male  vs.  female  registry 

subjects;  male  vs.  female  social  subjects;  and  registry  vs. 
social  subjects.  Since  the  data  were  nonparamet ic , no  analyses 
were  done. 

Figure  A-29  shows  the  median  number  of  passes  out  of  three 
possible  passes  for  the  11  male  and  the  one  female  registry 
drinking  subjects  as  a function  of  testing  conditions.  Figure  A-30 
shows  the  same  performance  data  for  the  15  male  and  five  female 
social  drinking  subjects. 

Figure  A-31  presents  the  scatterplot  of  the  mean  number  of 
errors  for  all  drinking  subjects  as  a function  of  BAQ.  The 
coefficient  correlation  is  r^  (N=222)=0 . 393 , p < 0.005. 

A-2.3.8  QuicKey 


A-2.3.8.1  Description  of  Subjects’  Task  on  the  Device  - 

7 

Developed  by  Robert  D.  Smith  , this  unit  requires  the  operator 
to  provide  a simple -reaction  response  to  visual  stimuli.  The 
operator's  task  is  to  depress  a microswitch,  and,  as  soon  as  a 
small  light  adjacent  to  the  button  flashes,  to  pull  his  finger 
away  as  quickly  as  possible.  The  method  of  determining  the  pass/ 
fail  criterion  is  somewhat  different  from  that  for  the  other  de- 
vices. A characteris it ic  response  latency  (the  reaction  time  in 
milliseconds  between  the  light  display  and  the  release  of  the 
button)  for  each  operator  is  determined  from  the  eighth  fastest 
response  out  of  that  operator's  last  50  practice  repetitions. 

This  response  latency  is  used  as  the  upper  limit  of  a passing 
band,  with  85%  of  that  value  as  the  lower  limit.  Responses  whose 
times  do  not  fall  within  this  band  result  in  failure. 
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PHYSTESTER 


MALE  REGISTRY 
FEMALE  REGISTRY 


TESTING  CONDITIONS 


Figure  A-29.  Performance  on  the  Phystester  (in  median  number  of 
passes  out  of  three  possible  passes)  for  11  Male 
and  One  Female  Registry  Drinking  Subjects 
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MEDIAN  NUMBER  OF  PASSES  OUT  OF  3 REPETITIONS 


PHYSTESTER 


MALE  SOCIAL  (15) 

— FEMALE  SOCIAL  ( 5) 


TESTING  CONDITIONS 


Figure  A-30.  Performance  on  the  Phystester  (in  median  number  of 
passes  out  of  three  possible  passes)  for  15  Male 
and  Five  Female  Social  Drinking  Subjects 
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BAQ 

Figure  A-31.  Scatterplot  of  Number  of  Passes  out  of  Three  Trials  on  the  Phystester  Device 
against  BAQ  for  all  Drinking  Subjects,  and  Regression  Line  with  Brackets 
Enclosing  80%  of  the  Points 


A-2.3.8.2  Results  - Subjects  completed  30  repetitions  within 
each  of  the  seven  testing  conditions.  Table  A-30  lists  the  results 
as  mean  BAQ  attained,  mean  time  to  complete  the  task,  standard 
deviation,  and  number  of  data  points  per  cell.  The  correlation 
coefficients  of  BAQ  by  performance  were  shown,  along  with  the 
number  of  pairs  and  level  of  s ignigicance , for  each  group  of 
drinking  subjects.  The  training  schedule  and  motivation  scheme 
used  during  testing  are  also  listed. 

Figure  A-32  shows  the  mean  reaction  time  in  milliseconds  for 
the  six  male  social  drinking  subjects  (no  control  subjects  were 
tested)  as  a function  of  testing  condition.  A summary  of  the 
analysis  of  variance  is  presented  in  Table  A-31.  This  analysis 

shows  that  only  the  testing  conditions  (F  (6 , 30) =4 . 67  , p < 0.001) 

■ 

and  not  the  repetitions  within  each  trial  (F  (29 , 145)  = 1 . 31  , p > 0.05), 
was  statistically  significant.  The  Tukey  WSD  test  showed  that  the 
mean  of  the  six  male  social  drinking  subjects’  performance  in  the 
drink-3  condition  was  significantly  worse  (p  < 0.05)  than  those 
for  all  other  conditions. 

Figure  A-33  shows  the  mean  reaction  time  in  milliseconds  for 
the  four  female  social  drinking  subjects  only  (again  there  were 
no  controls)  as  a function  of  testing  condition.  A summary  of 
the  analysis  of  variance  is  presented  in  Table  A-32.  This  analysis 
shows  only  the  testing  conditions  (F (6 , 18 ) =1 2 8 . 74 , p < 0.001)  and 
not  the  repetitions  within  each  trial  (F  (29 , 87)  = 1 . 22  , p > 0.05) 
to  be  a statistically  significant  effect.  For  the  four  female 
social  drinking  subjects,  a Tukey  WSD  test  showed  that  the  means 
of  the  drink-3  and  the  check-1  conditions  were  significantly 
different  from  the  other  means,  but  not  from  each  other. 

Figure  A-34  presents  the  scatterplot  of  the  reaction  times 
for  all  drinking  subjects  as  a function  of  BAQ.  The  coefficient 
is  rT  (N=2190)=0 . 343 , p < 0.001). 
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MEAN  REACTION  TIME  (IN  MILLISECONDS) 


QUICKEY  SOCIAL  MALE  (6) 
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Figure  A-32.  Performance  on  the  QuicKey  Series  as  a Function  of 
Testing  Conditions  for  the  Six  Male  Social  Drinking 
Sub j ects 
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QUICKEY  SOCIAL  FEMALE  (4) 


VERTICAL  LINES  ENCLOSE 
+ 40  % AND  -40%  OF 
THE  POINTS 
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A-33.  Performance  on  the  QuicKey  Device  as  a Function  of 
Testing  Conditions  for  the  Four  Female  Social 
Drinking  Subjects 
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Figure  A-34.  Scatterplot  of  Reaction  Times  on  the  QuicKey  device  against  BAO  for  all  Drink- 
ing Subjects,  and  Regression  Line  with  Brackets  Enclosing  80%  of  the  Points 


TABLE  A- 30.  SUMMARY  OF  PERFORMANCE  ON  THE  QUICKEY  DEVICE 
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TABLE  A- 31 . SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  SIX  MALE  SOCIAL 
DRINKING  SUBJECTS  ON  THE  QUICKEY  DEVICE 


Source  of 
Variance 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Squares 

F 

Ratio 

Total 

1,115 

4,126,368.0 

3,700.78 

Repetitions  (30) 

29 

91,872.0 

3,168.00 

1 . 31 

Testing 

Conditions  (7) 

6 

362,064.0 

60,343.99 

4.67* 

Subjects  (6) 

5 

1,076,768.0 

215,353.56 

R x T 

30 

385,272.0 

12,842.40 

R x S 

145 

351,192.0 

2,422.01 

T x S 

30 

387,688.0 

12,922.93 

R x T x S 

870 

1,471,512.0 

1,691.39 

*p  < 0.001 


TABLE  A- 32 . SUMMARY  OF  ANALYSIS  OF  VARIANCE  FOR  FOUR  FEMALE 
SOCIAL  DRINKING  SUBJECTS  ON  THE  QUICKEY  DEVICE 


Source  of 
Variance 

Degrees  of 
Freedom 

Sums  of 
Squares 

Mean 

Squares 

F 

Ratio 

Total 

683 

1,583,960.0 

2,319.12 

Repetitions  (30)  29 

92,800.0 

3,200.00 

1 .22 

Testing 

Conditions  (7) 

6 

88,060.0 

14,676.66 

128 . 77* 

Subjects  (4) 

3 

74,108.0 

24,702.66 

R x T 

18 

355,568.0 

19,753.77 

R x S 

87 

228,496.0 

2,626.39 

T x S 

18 

2,052.0 

114.00 

R x T x S 

522 

742,876.0 

1,423.13 

*p  < 0.001 
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A.  2.4  SELECTION  OF  DEVICES  FOR  FUTURE  TESTING 


The  instrument-screening  tests  had  two  objectives:  first,  to 

find  out  whether  a perf ormance - t es t ing  device  could  be  used  to 
construct  an  alcohol  safety  interlock  system;  and  second,  to  find 
the  performance- testing  devices  which  would  be  most  reasonable  and 
practical  for  such  a use.  To  fulfill  the  first  requirement,  it 
was  necessary  to  determine  how  closely  subjects'  performance  on 
the  devices  correlated  with  their  BAQ ' s . It  had  to  be  demonstrated 
that  performance  fell  and  rose  again  as  a function  of  testing  con- 
dition (changes  in  BAQ  level),  and  that  this  pattern  was  significantly 
different  from  that  of  the  control  subjects,  who  received  no  alcohol, 
but  were  subjected  to  the  same  laboratory  testing  routine.  Such  a 
difference  should  indicate  that  the  changes  in  performance  level 
over  the  testing  session  were  due  primarily  to  alcohol  rather  than 
to  fatigue  or  boredom. 

Fulfillment  of  the  second  requirement  involved  determining 
such  things  as  the  extent  of  training  needed  for  someone  to  operate 
the  device,  the  actual  duration  of  the  task,  whether  an  universal 
pass/fail  threshold  could  be  set,  and  the  cost  and  complexity  of 
installing  and  maintaining  the  device  in  an  automobile. 

Table  A-33  lists  the  devices  screened  and  the  coefficient 
of  correlation  between  test  performance  and  BAQ,  together  with 
the  levels  of  significance  for  the  effects  of  testing  conditions 
and  a comparison  of  the  performances  of  drinking  and  control 
subjects.  The  existence  of  reasonable  and  statistically  signi- 
ficant correlations  on  some  of  the  devices  showed  that  the  ASIS 
idea  is  a feasible  one,  so  those  devices  which  seemed  to  best 
fulfill  the  second  requirement  were  tested  further. 

The  devices  retained  were:  the  Compensatory-Tracking  Tester, 

the  Complex-Reaction  Tester,  the  Phystester,  and  QuicKey.  Per- 
formance on  the  Compensatory-Tracking  device  correlated  well  with 
BAQ.  Also,  it  was  a cheaper,  less  complicated  tracking  device 
to  use  than  the  Pursuit -Tracking  test.  The  Complex-Reaction  Tester 
performed  well  only  on  the  measure  of  number  of  errors  made.  How- 
ever, since  it  was  an  early  model  of  the  device,  it  was  retained 
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TABLE  33.  RESULTS  OF  PRESCREENING  ON  THE  BASIS  OF  QUANTITATIVE 
DATA 


AS  IS 

Device  and  No.  of 
Subjects 

Linear 
Correlation 
Coefficient  (N) 

Effect  of 
Testing 
Condit ions 

Cr it icisms 

Prototype 
Theft  Lock 
(A . S . Dwan  Ltd . ) 
25 

0.156  (835) 
p<0. 05 

p< 0 . 01 

no  discernible 
difference  be- 
tween drinking 
8 control  subjects 

tremor 

Critical  Flicker- 
Fusion  Tester 
(Creare  Inc . ) 

29 

0.107  (567) 
p<0. 05 

p<0. 01 

no  discernible 
difference  be- 
tween drinking 
§ control  subjects 

sensitive  to 
ambient  light, 
fatigue,  il- 
lness. + 1 Hz. 
too  small  a 
ranee . 

Drunken  - Dr iver 
El iminator 
(TDL  Group) 

27 

0.045  (2523) 
p>0. 05 

p>0. 05 

no  discernible 
difference  be- 
tween drinking 
5 control  subjects 

Pursuit-Tracking 
Tester  & Second- 
ary Task  (DOT-TSC) 
32 

0.392  (1140) 

p<0. 001 

p<0. 001 

no  control  subjects 

expens ive , 
compl icated , 
ind ividual . 

Compensatory  - 
Tracking  Tester 
(DOT-TSC) 

32 

0.329  (1120) 

p<0. 01 

p<0. 01 

no  control  subjects 

cheaper, 
s impler , 
individual 
considerable 
training . 

Comp  lex -React  ion 
Tester  (DOT-TSC) 

testing  per- 
ceived as  long 
and  frustra- 
ting. Univer- 
sal, little 
training,  moderate 
cost . 

Errors 

18 

0.153  (625) 

p<0. 01 

p<0. 01 

trend  towards 
worsen  performance 
for  drinking  sub- 
jects 

Same- Reaction 
18 

0.115  (625) 

p<0. 01 

p<0. 01 

no  discernible 
difference 

Opposite- 
18  Reaction 

0.046  (625) 
p> 0 . 0 5 

p>  0 . 0 5 

no  discernible 
d i f f er ence 

Phystester 
(General  Motors) 
32 

0.393  (222) 
p<0. 005 

p<  0 . 005 

no  control  subjects 

numbers  - IQ. 
Universal , high 
cos t , long  train- 
ing . 

Quickey 
( R . D . Smith ) 
12 

0.343  (2190) 

p<0. 001 

p<0. 001 

no  control  subjects 

cruc  ial  training 
period  for  estab- 
lishing individual 
criteria.  Moderate 
cost . 
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for  further  testing.  The  correlation  of  performance  with  BAQ  was 
highest  with  the  Phystester.  The  only  disadvantage  of  this  device 
lies  in  the  fact  that  it  may  eliminate  some  individuals  who  cannot 
readily  manipulate  numerical  information.  The  QuicKey  appeared  to 
work  well  as  an  ASIS  device  and  was  retained  for  future  testing. 

The  primary  disadvantage  of  this  device  is  the  long  training  period 
required  to  reach  a stable  criterion. 

Both  the  Complex-Reaction  Tester  and  the  Phystester  can  best 
be  described  as  universal  ASIS;  the  QuicKey  and  Compensatory - 
Tracking  Tester  are  individual  devices. 

The  Prototype  Theft  Lock,  the  Creare  device,  Drunk-Driver 
Eliminator,  and  the  Pur suit -Tracking  device  were  dropped  from  fur- 
ther testing,  primarily  because  the  correlation  of  quantitative 
performance  with  BAQ  on  these  devices  was  very  low  and,  in  some 
cases,  not  statistically  significant.  For  these  devices,  it 
was  also  noted  that  there  was  little  discernible  difference  be- 
tween the  performance  of  control  and  drinking  subjects.  The 
Prototype  Theft  Lock  tended  to  artificially  eliminate  that  por- 
tion of  the  population  with  some  degree  of  tremor.  The  Creare 
had  two  basic  disadvantages: 

a.  It  is  known  that  measures  of  flicker  fusion  are  sensi- 
tive to  variables  other  than  alcohol,  such  as  fatigue, 
ambient  light,  and  illness. 

b.  The  range  of  mean  performance  from  the  sober  to  the 
most  intoxicated  condition  was  about  2 Hz,  too  slight 
a difference  for  practical  use. 

The  Drunk  Driver  Eliminator  was  the  device  whose  performance 
correlated  least  with  BAQ,  and  the  only  device  for  which  testing 
conditions  were  not  a significance  effect.  The  performance  (volt- 
seconds  of  tracking  error)  on  the  Pursuit -Tracking  device  did 
correlate  well  with  BAQ,  but  it  appeared  too  complicated  and 
expensive  a device  to  warrant  further  testing,  especially  as  com- 
pared to  the  Compensatory-Tracking  Tester.  On  the  other  hand,  it 
did  show  the  value  of  the  addition  of  a secondary  task,  and  thus 
is  a good  candidate  for  future  quantitative  performance  testing  of 
a divided-attention  task. 
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A-3.  PASS/FAIL  EVALUATION 


Further  tests  were  made  to  determine  the  ability  of  the  pro- 
posed ASIS  units  to  discriminate  between  sober  and  intoxicated 
individuals.  A pass/fail  criterion  was  established  for  each  of  the 
four  devices  for  which  BAQ  and  performance  were  most  closely 
correlated,  so  as  to  simulate  an  actual  driving  situation  in  which 
the  operator’s  performance  would  determine  whether  he  could  start 
his  car.  The  pass/fail  tests  were  run  in  two  series:  Low-BAO 

(up  to  .12%  blood  alcohol)  and  High-BAQ  (up  to  .18%  blood  alcohol). 

a.  QuicKey  - The  procedure  for  establishing  individual 
pass/fail  cut-off  points  for  this  device  was  provided 
by  the  manufacturer.  Each  subject's  eighth  fastest 
score  out  of  the  last  50  training  repetitions  (the 
16th  percentile)  served  as  his  maximum  allowable 
reaction  time,  and  85%  of  this  value  was  defined  as 
the  minimum  allowable  response  score. 

b.  Complex-Reaction  Tester  - Subjects  were  permitted  no 
more  than  one  error  in  eight  presentations.  Pressing 
the  wrong  button  or  responding  in  more  than  0.9  seconds 
were  considered  errors. 

c.  Compensatory-Tracking  Tester  - The  mean  and  the  standard 
deviation  of  the  scores  on  the  last  36  training  repetitions 
were  calculated  for  each  subject.  Any  score  within  the 
mean  +1  standard  deviation  was  passing;  any  score  outside 
it  was  a failure. 

d.  Phys tester  - The  pass/fail  criterion  for  this  device  was 
suggested  by  the  manufacturer.  Subjects,  after  a five- 
digit number  had  been  displayed  for  1.5  seconds,  had  to 
complete  the  dual  task  of  keying  in  the  number  and 
simultaneously  pressing  the  brake  pedal  within  3.5  seconds 
in  order  to  pass. 
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A. 3.1  LOW-BAQ  SERIES 


A-3.1.1  Training 

A three-day  training  period  was  employed.  The  amount  of 
training  done  on  each  device  is  given  in  Table  A-34.  Details  can 
be  found  in  Volume  II. 


TABLE  A-34.  TRAINING  SCHEDULE  FOR  PHASE  THREE 


Device 

Number  of 
Sessions/Day 

No.  of  Repetitions 
Per  Session 

Total  No.  of 
Repetitions 
(3  days') 

QuicKey 

2 

25 

150 

Phys tester 

8 

25 

600* 

Compensatory 

Tracking  Tester 

6 

6 

108 

Complex  -Reaction 
Tester 

4 

4 

48** 

*0r  until  23  passes  out  of  25  repetitions  is  reached. 

**Gradually  working  subject  towards  criteria. 

Subjects  could  earn  bonus  money  up  to  $2^  over  and  above  ^ase 
pay  for  being  cooperative  during  training. 

A-3.1.2  Testing 

Subjects  were  tested  on  three  separate  days  spaced  two  or 
three  days  apart.  Testing  procedures  for  each  device  are  given 
in  Table  A- 35 . 

A-3.1.3  Subject  Selection 

Nineteen  subjects  were  trained  and  tested.  Six  female 
social,  eleven  male  social,  and  two  male  registry  subjects  were 
tested  with  alcohol.  Of  these  19,  six  male  social  and  two  female 
social  subjects  were  then  tested  without  alcohol,  i.e.,  the  con- 
ditions under  which  they  performed  were  identical  except  that  the 
juice  they  drank  contained  no  alcohol.  Ages  ranged  from  21  to  28; 
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TABLE  A- 3 5 . TESTING  SCHEDULE  FOR  PHASE  THREE 


Device 

Number  of  Repetitions/ 
Testing  Condition 

Payments /Pass ing 
Score 

QuicKey 

Maximum  number  possible 
in  two  minutes  or  until 
subject  passed. 

$1.50 

Phystester 

3 

0 . 50 

Compensatory  - 
Tracking  Tester 

3 

0 .50 

Complex  -Reaction 
Tester 

3 

0 . 50 

the  mean  age  was  24. 

A-  3 . 1 . 4 Design 

All  drinking  subjects  performed  on  each  device  for  each  test- 
ing condition.  Eight  of  these  19  subjects  repeated  the  tests  with 
no  alcohol.  This  procedure  not  only  permitted  an  evaluation  of 
changes  in  performance  as  a function  of  testing  conditions,  but 
also  screeened  out  any  effects  of  extra-experimental  variables, 
such  as  fatigue  and  boredom. 

A-3.1.5  Results 

The  data  were  recorded  in  terms  of  pass  or  fail  for  each  of 
three  repetitions  within  each  testing  condition  for  the  Compensatory 
Tracking  Tester,  Complex-Reaction  Tester,  and  Phystester,  and  as 
pass  or  fail  only  for  the  QuicKey.  Consequently,  a subject  could 
score  0,1,2  or  3 passes  for  each  testing  condition  on  the  first 
three  devices,  and  0 or  1 pass  on  the  QuicKey.  A variety  of  pass/ 
fail  criteria  and  number  of  trials  could  be  used  in  an  actual 
ASIS,  but  is  was  found  that  a criterion  of  at  least  two  passes 
within  three  repetitions  yielded  the  best  s tart/no- start  data,  ie., 
few  incorrect  rejections  at  low  BAQ ' s , and  many  correct  rejections 
at  higher  BAQ  levels.  Table  A-36  presents  the  percentage  of  no- 
starts as  a function  of  BAQ  classes  for  the  devices  in  rank  order. 
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TABLE  A- 36 . PERCENTAGE  OF  NO-STARTS  AS  A FUNCTION  OF  BAQ  CLASSES 
USING  "AT  LEAST  TWO  PASSES  OUT  OF  THREE  REPETITIONS" 
AS  CRITERION* 


BAQ 

Class 

No.  of  Data 
Points 

Compensatory- 

Tracking 

Tester 

Complex 

Reaction 

Tester 

Phystester 

QuicKey 

< 0.03 

(118) 

3.39% 

8.47% 

1.69% 

4.24% 

0.031-0.06 

(119) 

3.36 

10.92 

5.88 

11 . 76 

0.061-0.09 

(100) 

16.00 

23.00 

11.00 

25.00 

> 0.09 

(62) 

25.00 

30.65 

24.19 

43.55 

Difference 
lowest  and 
BAQ  class 

between 

highest 

21.61 

22.18 

22.50 

39 . 31 

*Since  QuicKey  was  scored  the  basis  of  a single  trial,  this 
criterion  does  not  apply. 


The  graph  in  Figure  A-35  shows  the  percentage  of  no-starts 
for  each  BAQ  class.  These  classes  were  obtained  by  selecting  BAQ 
intervals  which  would  yield  approximately  equal  numbers  of  data 
points 

A Cochran  Q test  revealed  that  there  was  a significant 
difference  among  the  devices  when  the  data  was  collapsed  across 
subjects,  testing  conditions,  and  testing  days  [Q(df=3)  = 22.06, 
p < 0.001].  No  statistical  difference  was  found  between  the  per- 
formances on  the  QuicKey  device  and  the  Complex-Reaction  Tester 
[Q(df=l)  = 0.49,  0.500<  p < 0.250],  or  between  the  Compensatory - 
Tracking  Tester  and  the  Phystester  [Q(df=l)  = 0.60,  0.500  < p < 
0.250;  the  difference  appears  between  the  Complex-Reaction  Tester 
and  the  Compensatory-Tracking  device  [Q(df=l)  = 7.12,  0.01  < p < 
0.005]  . 

The  question  of  whether  the  increase  in  percentage  of  no- 
starts as  BAQ  class  increases  (as  illustrated  in  Figure  A-35)  is 
a result  of  the  effects  of  increased  alcohol  ingestion  during  the 
test  program  or  is  due  to  some  other  factor  can  be  answered  by 
comparing  the  performances  of  the  same  people  when  they  are  drinking 
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subjects  and  when  they  are  controls . 

Table  A-37  compares  the  percentage  of  no-starts  for  the  ’’at 
least  two  correct  to  start"  condition  for  each  device  over  each  of 
the  seven  testing  conditions  for  the  same  subjects  with  and  without 
alcohol  (i.e.,  following  the  same  schedule  with  no  alcohol  in 
their  drinks) . 

Figures  A-36  through  A-39  present  this  comparison  for  each 
device.  Note  that  the  subjects  failed  to  start  less  than  10%  of 
the  time.  When  given  alcohol,  these  subjects  also  failed  less 
than  10%  of  the  time  during  the  first  testing  condition,  but  their 
percentage  of  failure  then  rose  and  fell  along  with  their  rising 
and  falling  BAQ  levels  (see  mean  BAQ  attained) . 

An  analysis  of  variance  was  done  on  the  data  after  an  arc- 
sine transformation  to  determine  the  significance  of  these 
differences  across  the  testing  conditions.  This  analysis  shows 
for  the  QuicKey  device  Csee  Table. A-38)  a significant  difference 
between  the  same  subjects  when  drinking  and  when  not  drinking 
(F(l,7)  = 10.93,  p < 0.025).  A test  of  simple  main  effects  reveals 
that  this  difference  appears  only  for  testing  conditions  3 and  6. 
For  the  Complex-Reaction  Tester  (Table  A-39),  a significant  dif- 
ference also  appears  for  testing  conditions  3 and  5.  For  the 
Compensatory-Tracking  Tester  (TabJ.e  A-40),  no  differences  between 
drinking  and  not  drinking  testing  conditions  appeared  until  test- 
ing conditions  4 and  5.  Finally,  on  the  Phystester  (Table  A-41) , 
a significant  difference  due  to  alcohol  appeared,  although  only 
for  testing  condition  3. 

Although  these  analyses  are  based  on  transformed  start/no- 
start  data  on  only  eight  subjects,  the  differences  do  show  that 
the  effects  obtained  were  due  predominantly  to  alcohol  rather 
than  to  fatigue  or  boredom  in  a laboratory  situation. 

A-3.2  HIGH-BAQ  SERIES 

The  Low- BAQ  Series  showed  that  performance  on  certain  devices 
is  related  to  the  BAQ  level  of  subjects.  Pass/fail  criteria  were 
established  for  these  devices  (see  Volume  II),  and  subjects  were 
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QUICKEY  LOW-BAQ  SERIES 


CRITERION  - 


1 6TH  PERCENTILE 


90  - 


■■  ALCOHOL  SUBJECTS  (8) 

SAME 

SUBJECTS 

^ NO  ALCOHOL  SUBJECTS  (8) 


70  - 


60  - 


50- 


ATTAINED 

TESTING  CONDITIONS 


Figure  A- 36 . Performance  on  the  QuicKey  as  a Function  of  Testing 
Condition  for  the  same  Subjects  Tested  With  and 
Without  Alcohol 
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PERCENT  NO-STARTS 


COMPLEX  REACTION  TESTER 


Figure  A-37 


Performance 
Function  of 
Subjects  Tested 


on  the  Complex-Reaction  Tester  as 
Testing  Conditions  for  the  Same 
With  and  Without  Alcohol 
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Figure  A-38.  Performance  on  the  Compensatory-Tracking  Tester  as 
a Function  of  Testing  Condition  for  the  Same 
Subjects  Tested  With  and  Without  Alcohol 
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PERCENT  NO- STARTS 


100  -1 


PHYSTESTER  LOW-BAQ  SERIES 


CRITERION- AT  LEAST  A CORRECT  RESPONSES 
(OUT  OF  3 TRIALS)  TO  PASS 


^ ALCOHOL  SUBJECTS  (| 

SAME  8 “ 

SUBJECTS 

^ NO  ALCOHOL  SUBJECT! 


60  - 


50  - 


40  - 


30  - 


Figure  A-39.  Performance  on  the  Phystester  as  a Function  of 
Testing  Condition  for  the  Same  Subjects  Tested 
With  and  Without  Alcohol 
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TABLE  A- 38.  ANALYSIS- OF -VARIANCE  SUMMARY 


QuicKey  (1  out  of  1)  - Low-BAQ 

Series 

Source  of 
Variance 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 

Squares 

F 

Ratio 

Signi- 

ficance 

Between 
Sub j ects 

7 

18  . 16 

- 

_ 

Within 
Sub j ects 

104 

38.66 

- 

- 

Treatments 

1 

8.86 

8.86 

10.93 

p <0.025 

Error 

7 

5.68 

0 . 81 

- 

Testing 

Conditions 

6 

2.90 

0.48 

3.01 

p <0.025 

Error 

42 

6 . 74 

0.16 

- 

Interaction 

6 

5.08 

0 . 85 

3.78 

p < 0.01 

Error 

42 

9.41 

0.22 

- 

Total 

111 

56 . 82 

- 

- 

Difference  due  to  alcohol  at  each 

testing  condition 

Testing 

Condition 

df 

ss 

ms 

F 

Ratio 

Signi- 

ficance 

1 

1 

0.38 

0 . 38 

1 .23 

p > 0.05 

2 

1 

0.01 

0.01 

0.23 

p > 0.05 

3 

1 

2.92 

2.92 

9.49 

p . <0.01 

4 

1 

7.10 

7.10 

23.06 

p <0.01 

5 

1 

1.02 

1.02 

3.30 

p > 0.05 

6 

1 

2.47 

2.47 

8.02 

p <0.01 

7 

1 

0.05 

0.05 

0.16 

p > 0.05 

Error 

49 

15.08 

0 . 31 

- 
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TABLE  A- 39.  ANALYSIS- OF -VARIANCE  SUMMARY 


Compl 

ex  Reaction  Tester  (2  out  of  3)  - Low-BAO  Series 

Source  of 
Variance 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 

Squares 

F 

Ratio 

Signi- 

ficance 

Between 

Subjects 

7 

14.64 

- 

_ 

Within 
Sub j ects 

104 

40.54 

- 

_ 

Treatments 

Error 

1 

7 

8.48 

7.08 

8.48 

1.01 

8.39 

p < 0.025 

Testing 

Conditions 

Error 

6 

42 

3.28 
7 . 37 

0.55 

0.18 

3.12 

p < 0.025 

Interact ior 
Error 

6 

U 

6 . 31 
8.02 

1.05 

0.19 

5.51 

p < 0.01 

Total 

111 

55.18 

- 

- 

Difference  due  to  alcohol  at  each  testing  condition 

Testing 

Conditions 

df 

ss 

ms 

F 

Ratio 

Signi- 

ficance 

1 

1 

0.01 

0.01 

0.02 

p > 0.05 

2 

1 

0.62 

0.62 

2.00 

p > 0.05 

3 

1 

6.93 

6.93 

22.49 

p < 0.01 

4 

1 

4 . 78 

4.78 

15.52 

p < 0.01 

5 

1 

1.96 

1.96 

6.37 

p < 0.025 

6 

1 

0.01 

0.01 

0.02 

p > 0.05 

7 

1 

0.49 

0.49 

1.59 

p > 0.05 

Error 

49 

15.09 

15.09 

- 
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TABLE  A- 40.  ANALYSIS -OF -VARIANCE  SUMMARY 


Compensatory- Tracking 

Tester  (2  out 

of  3)  - Low-BAQ  Series 

Source  of 

Degree  of 

Sum  of 

Mean 

F 

Signi - 

Vari ance 

Freedom 

Squares 

Squares 

Ratio 

f icance 

Between 
Sub j ects 

7 

9 . 16 

- 

- 

Within 
Sub j ects 

104 

35.78 

Treatments 

1 

4.49 

4.49 

4.92 

p > 0.05 

Error 

7 

6 . 39 

0.91 

- 

Testing 

Conditions 

6 

3.73 

0.62 

3.33 

p <0.01 

Error 

42 

7.84 

0.19 

- 

Interaction 

6 

3.43 

0 . 51 

2.42 

p <0.05 

Error 

42 

9.91 

0 . 24 

- 

Total 

111 

44.94 

- 

- 

Difference  due  to 

alcohol  at  each  testing 

condition 

Testing 

F 

Signi - 

Conditions 

df 

s s 

ms 

Ratio 

f icance 

1 

1 

0.05 

0.05 

0 .15 

p > 0.05 

2 

1 

0.00 

0.00 

0.00 

p > 0.05 

3 

1 

1.02 

1.02 

3.06 

p > 0.05 

4 

1 

4 . 78 

4 . 78 

14.37 

p <0.01 

5 

1 

1.60 

1.60 

4 . 80 

p < 0.05 

6 

1 

0 . 38 

0 . 38 

1.14 

p > 0.05 

7 

1 

0.10 

0.10 

0 . 29 

•p  > 0.05 

Error 

49 

16 . 30 

0 . 33 

- 
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TABLE  A- 41.  ANALYSIS-OF  VARIANCE  SUMMARY 


Phystester  (2  out  of  3)  - Low-BAQ  Series 

Source  of 
Variance 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 

Squares 

F 

Ratio 

Signi- 

ficance 

Between 
Sub j ects 

7 

0.80 

_ 

_ 

Within 
Sub j ects 

104 

12.47 

- 

- 

Treatments 

Error 

1 

7 

0.99 
0 . 80 

0.99 

0.11 

8.68 

p <0.025 

Testing 

Conditions 

Error 

6 

42 

0.57 
4 .77 

0.10 
0 . 11 

0 . 84 

p > 0.05 

Interaction 

Error 

6 

42 

0 .57 
4.77 

0.10 

0.11 

0 . 84 

p > 0.05 

Total 

111 

13.24 

- 

- 

Difference  due  to  alcohol  of  each  testing  condition 

Testing 

Condition 

df 

ss 

ms 

F 

Ratio 

Signi- 

ficance 

1 

1 

0.10 

0 . 10 

0.83 

p > 0.05 

2 

1 

0 . 10 

0.10 

0 .83 

p > 0.05 

3 

1 

0.62 

0.62 

5.43 

p <0.025 

4 

1 

0 . 38 

0 . 38 

3.34 

p > 0.05 

5 

1 

0.00 

0.00 

0 .00 

p > 0.05 

6 

1 

0 . 38 

0 . 38 

3.34 

p > 0.05 

7 

1 

0.00 

0.00 

0.00 

p > 0.05 

Error 

49 

5 .57 

0.11 

- 
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tested  at  BAQ  levels  up  to  about  0.12.  It  was  noted  that  as  BAQ 
levels  increased,  so  did  failures  for  drinking  subjects.  Further- 
more, by  comparing  the  performance  of  subjects,  it  was  established 
that  the  greater  number  of  failures  could  be  attributed  to  the 
ingestion  of  alcohol,  and  not  merely  to  fatigue  or  boredom.  Since 
the  devices  had  been  determined  to  be  suitable  as  alcohol - related 
hurdle  ASIS  for  BAQ ' s up  to  about  0.12,  it  was  decided  (a)  to  test 
these  devices  at  increased  BAQ  levels  up  to  about  0.20,  and  also 
(b)  to  look  at  difficulties  with  age,  gender,  training  schedules, 
motivation  levels,  etc.,  which  might  arise  in  an  actual  ASIS  pro- 
gram . 

A-3.2.1  Devices  Tested 

The  High-BAQ  Series  utilized  the  QuicKey,  Complex-Reaction 

Tester,  the  Phystester,  and  a compensatory- tracking  device  more 

efficient  and  less  expensive  than  the  one  formerly  tested:  the 

9 * 

Reaction  Analyzer,  submitted  by  Raytheon  Company.' 

A-3.2.1.1  Procedure  - Subjects  used  for  the  experiments  des- 
cribed below  were  all  carefully  selected  on  the  basis  of  their 
frequency  and  quantity  of  alcohol  use,  as  determined  from  a thorough 
personal  interview.  They  were  all  licensed  drivers,  ranging  from 
21  through  63  years  of  age;  approximately  half  were  females,  and 
all  were  Caucasian. 

Training,  testing,  and  motivation  were  similar  to  that  des- 
cribed in  Section  A-3.1.  Fifteen  subjects  were  tested  on  all  de- 
vices both  with  and  without  alcohol.  Details  can  be  found  in 
Volume  III. 


*Nartron  Inc.10,  also  submitted  a new  device  which  included  a 
mental-arithmetic/reaction- time  task.  Subjects  had  to  add  the 
stimulus  numbers  (any  combination  of  the  digits  8,4,2,  and  1) 
and  depress  the  corresponding  response  button  (0-15).  The 
allowable  response  time  ranged  from  1.15  to  2.25  seconds. 
Pass/fail  performance  criteria  were  not  specified.  However, 
the  device  failed  mechanically  before  sufficient  data  had  been 
obtained,  and  it  was  returned  to  the  manufacturer. 
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A-3.2.1.2  No-Start  Strategies  - It  became  evident  during  the 
Low-BAQ  series  that  there  were  not  only  many  alternate  pass/fail 
criteria  for  each  device,  but  also  many  start/no- start  strategies. 
The  first  two  studies  reported  in  Volume  III  were  designed  to  ex- 
plore such  alternatives  in  order  to  determine  the  optimal  ones  to 
use.  In  general,  it  was  found  that  the  pass/fail  criteria  used 
in  the  Low-BAQ  series  were  the  most  effective;  however,  the  data 
did  indicate  a need  to  choose  better  start/no- start  strategies. 

The  following  discussion  presents  comparisons  of  various  such 
criteria  and  strategies,  and  the  choice  of  the  optimal  no-start 
strategies  for  each  device. 

a.  QuicKey  - For  the  QuicKey  device,  pass/fail  criteria 

could  be  altered  in  two  ways:  (a)  by  readjusting  the  size  of  the 

allowable-response  window  and  (b)  by  requiring  more  than  one 
acceptable  response  in  a given  time  period  (2  minutes  in  this  case) 
for  the  test.  The  graphs  in  Figures  A-40  through  A-42  show  the 
relative  percentages  of  a failures  for  all  the  different  windows 
tried  for  three  groups  of  subjects,  as  reported  in  Volume  III. 

Note  that  the  slope  of  the  curve  is  essentially  the  same  in  all 
cases.  In  general,  the  optimal  criterion  in  the  present  context 
appears  to  be  the  16th-percent ile  one.  Figures  A-43  and  A-44 
compare  performance  using  at  least  one  or  two  16th-percentile- 
criterion  responses  within  two  minutes.  Here  there  is  a trade- 
off problem,  in  that  requiring  at  least  two  responses  yields  more 
rejections  at  high  BAQ  levels,  but  correspondingly  higher  rejection 
levels  at  very  low  BAQs  as  well.  It  was  decided  to  continue  with 
requiring  one  pass  at  the  16th-percent ile  window  in  two  minutes 
for  a start. 

b.  Complex-Reaction  Tester  - Each  trial  on  this  device 

consisted  of  three  repetitions  of  the  task.  Figures  A-45  and  A-46 
show  (for  groups  1 and  2,  as  reported  in  Volume  III)  the  various 
possible  pass/fail  criteria  which  should  be  used  for  scoring  per- 
formance: 2/3  (at  least  2 passes  out  of  3 trials),  3/3,  2/2,  and 

1/1.  Again,  note  the  high  rejection  rates  at  low  BAQ  levels. 

It  was  decided  to  retain  the  2/3  criterion. 
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PERCENT  OF  REPETITIONS  FAILED 


IOO 


QUICKEY  (GROUP  I ) 


B AO  ( PERCENT) 

Figure  A-40.  Pass/Fail  Performance  on  the  QuicKey  as  a Function 
of  BAQ,  Using  One  Response  at  the  16th,  20th,  and 
24th  Percentile  as  Criterion 


128 


90 

80 

70 

60 

50 

40 

30 

20 

10 

0 


X 


QUICKEY  (GROUP  H) 

CRITERION  : I PASSING  RESPONSE 
WITHIN  2 MINUTES 


X 12  TH  PERCENTILE  WINDOW 
O I 6 TH  PERCENTILE  WINDOW 


& 20  TH  PERCENTILE  WINDOW 


q 24TH  PERCENTILE  WINDOW 


J I I I I 1 . -J 

<.03  -06  09  -12  .15  >-18 

BAO ( PERCENT) 

A-41.  Pass/Fail  Performance  on  the  QuicKey  as  a Function 
of  BAQ , Using  One  Response  at  the  12th,  16th,  20th, 
and  24th  Percentile  as  Criterion 
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Figure  A-42„  Pass/Fail  Performance  on  the  QuicKey  as  a Function 
of  BAQ,  Using  One  Response  at  the  12th,  16th,  20th, 
and  24th  Percentile  as  Criterion 
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PERCENT  OF  REPETITIONS  FAILED 


Figure  A-43.  Pass/Fail  Performance  on  the  QuicKey  as  a Function 
of  BAO , for  One  or  Two  Acceptable  Responses  at  the 
16th-Percentile  Window 
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A-44.  Pass/Fail  Performance  on  the  QuicKey  as  a Function 
of  BAQ,  for  One  or  Two  Acceptable  Responses  at  the 
16th-Percentile  Window 
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Figure  A-45.  Pass/Fail  Performance  on  the  Complex-Reaction  Tester 
as  a Function  of  BAQ,  for  Four  Response  Criteria 
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A-46.  Pass/Fail  Performance  on  the  Complex-Reaction  Tester 
as  a Function  of  BAQ,  for  Four  Response  Criteria 
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c.  Reaction  Analyzer  - The  Reaction  Analyzer  was  introduced 
into  the  program  late,  and  with  no  established  pass/fail  criterion. 
Subjects  repeated  the  task  five  times  for  each  trial.  Results 

for  the  criterion  employed  (for  groups  2 and  3,  as  reported  in 
Volume  III)  are  graphed  in  Figures  A-47  and  A-48.  The  3/3  cri- 
terion appears  to  be  optimal,  especially  for  the  third  group,  who 
were  well  trained.  Note  again  the  problem  of  correspondingly  high 
rejection  rates  at  high  and  low  BAQ  levels  for  each  criterion. 

d.  Phys tester  - Although  a two-out-of- three  pass/fail  cri- 

terion for  the  Phystester  had  been  suggested  by  the  manufacturer, 
several  alternative  criteria  were  investigated:  1/1,  3/3,  and 

2/2.  Results  are  shown  in  Figures  A-49  through  A-51  (for  groups 
1,  2 and  3 as  reported  in  Volume  III).  A second  alteration  in 
the  pass/fail  criterion  was  employed  with  Group  3;  they  had  only 
3.0  seconds  to  complete  the  task,  rather  than  the  3.6  seconds 
previously  allowed.  The  best  criterion  appears  to  be  2/3  for 
either  response  time.  Note  that  the  trade-off  problem  appears 
again . 


A-3.2.2  Results  for  Devices 

a.  QuicKey  - Results  for  the  High-BAQ  Series  are  presented 
in  Table  A-42.  Data  from  the  Low -BAQ  Series  are  included  for  com- 
parison; the  percentages  of  no-starts  as  a function  of  BAO  for  both 
groups  of  subjects  are  essentially  the  same  for  the  BAQ  ranges 
covered  (t(6)=0.17,  p > 0.05). 


TABLE  A-42.  PERCENT  OF  NO-STARTS  FOR  THE  16TH- PERCENTILE 
"WINDOW"  FOR  THE  QUICKEY  DEVICE 


BAQ  Class 

High -BAO  Series 

Low-BAQ  Series 

O. 

0 

Failures/Trials 

0. 

0 

Failure/ 

Trials 

< 0.30% 

8 . 5 

(5/59) 

4.24 

(5/118) 

0.030  - 0.059% 

16.7 

(4/24) 

11.76 

(14/119) 

0.060  - 0.089% 

21.1 

(4/19) 

25.00 

(25/100) 

0.090  - 0.119% 

41.7 

(15/36) 

43.55 

(27/62) 

0.120  - 0.149% 

38.8 

(19/49) 

0.150  - 0.179% 

59.6 

(31/52) 

> 0.180% 

61.9 

(13/21) 
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e A-47.  Pass/Fail  Performance  on  the  Reaction  Analyzer  as  a 
Function  of  BAQ,  for  Five  Response  Criteria 
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A-48.  Pass/Fail  Performance  on  the  Reaction  Analyzer  as  a 
Function  of  BAQ,  for  Five  Response  Criteria 
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A- 49 . Pass/Fail  Performance  on  the  Phystester  as 
of  BAQ,  for  Four  Response  Criteria 
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A-50.  Pass/Fail  Performance  on  the  Phystester  as  a Function 
of  BAQ,  for  Four  Response  Criteria 
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Figure  A-52  compares  the  proportions  of  no-starts  for  the 
High-BAQ  Series  subjects  when  drinking  and  when  not  drinking.  An 
analysis  of  variance  on  these  data  (see  Table  A-43)  indicated  that 
both  the  effect  of  alcohol  [F  (1 , 11)  = 28 . 02  , p < 0.001  and  the 
effect  of  testing  conditions  [F  (8  ,<88)  = 2 . 61 , p < 0.025]  were  signi- 
ficant. The  difference  due  to  alcohol  appears  for  all  testing  con- 
ditions but  2 and  3. 

It  had  been  suggested  that  a person  could  conceivably  circum- 
vent the  QuicKey  by  purposely  reacting  slowly  during  training, 
which  would  set  the  criterion  window  spuriously  low.  This  pro- 
blem was  directly  investigated  during  the  course  of  these  studies. 
Four  subjects  who  had  already  been  trained  and  tested  were  re- 
trained and  tested  as  before,  but  with  one  difference:  they  were 

to  attempt  to  take  abnormally  long  to  react  during  training.  This 
procedure  raised  the  average  allowable  reaction  time  38  milli- 
seconds, from  154  to  192  milliseconds.  As  shown  in  Table  A-44, 
this  procedure  was  successful  in  circumventing  the  ability  of  the 
device  to  sense  impaired  performance. 

In  light  of  the  following,  it  must  be  pointed  out  that  these 
results  merely  imply  an  area  for  concern.  Only  four  subjects 
participated.  They  had  been  exposed  to  the  entire  training  and 
testing  procedure  before  and  therefore  were  quite  familiar  with 
the  device. 

b.  Complex-Reaction  Tester  - Results  for  both  BAQ  Series 
are  presented  in  Table  A-45.  A comparison  of  the  percentages 
of  no-starts  as  a function  of  BAQ  class  for  both  groups  are  essen- 
tially the  same  for  the  BAQ  ranges  covered  (t(6)=0.51,  p > 0.05). 

Figure  A-53  compares  the  proportion  of  no-starts  for  the  sub- 
jects with  and  without  alcohol.  An  analysis  of  variance  on  these 
data  (Table  A-46)  indicated  that  both  alcohol  [F  (1 , 11)  = 15 . 05 , 
p < .005]  and  testing  conditions  [F  (8 , 88)  = 2 . 50  , p < .025]  had 
significant  effects.  All  testing  conditions  but  the  first  three 
were  significant. 
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Figure  A-52.  Comparison  of  the  Same  Subjects'  Performances  With 
and  Without  Alcohol  on  the  QuicKey,  using  a 16th- 
Percentile  Criterion 
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Figure  A-53.  Comparison  of  Performances  of  Same  Subjects  With  and 
Without  Alcohol  the  Complex-Reaction  Tester,  Using 
"At  Least  One  Pass  Out  of  Three  Trials"  Criterion 
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TABLE  A- 43.  ANALYSIS -OF -VARIANCE  SUMMARY 


QuicKey 

(1  out  of  1) 

- High-BAQ  Series 

Sources  of 

Degrees  of 

Sum  of 

Mean 

F 

Signi- 

Variance 

Freedom 

Squares 

Squares 

Ratio 

f icance 

Between 
Sub j ects 

11 

112.40 

- 

- 

Within 
Sub j ects 

204 

216 . 51 

- 

- 

Treatments 

1 

26 . 39 

26 . 39 

28.02 

P 

< 0.001 

Error 

11 

10 . 36 

0.94 

- 

Testing 

Condition 

8 

13.47 

1.68 

2.61 

P 

<0.025 

Error 

88 

56.72 

0.64 

- 

Interaction 

8 

34.15 

4.27 

4.98 

P 

< 0.001 

Error 

88 

75.42 

0.86 

- 

Total 

215 

328.91 

- 

- 

Difference  due  to 

alcohol  at  each  testing  condition 

Testing 

F 

Signi - 

Condition 

df 

ss 

ms 

Ratio 

f icance 

1 

1 

4.73 

4 .73 

5 . 44 

P 

<0.025 

2 

1 

0 . 33 

0.33 

0 . 38 

P 

> 0.05 

3 

1 

0.68 

0.68 

0 . 78 

P 

> 0.05 

4 

1 

3.97 

3.97 

4.56 

P 

< 0.05 

5 

1 

3.70 

3.70 

4 .25 

P 

< 0.05 

6 

1 

7.30 

7.30 

8 . 39 

P 

< 0.005 

7 

1 

15 . 33 

15 . 33 

17.62 

P 

< 0.001 

8 

1 

17.94 

17.94 

20.62 

P 

< 0.001 

9 

1 

6 .57 

6.57 

7.55 

•P 

< 0.01 

Error 

99 

85.78 

0.87 

- 
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TABLE  A- 44.  COMPARISON  OF  SUBJECTS'  PERFORMANCE  ON  THE  QUICKEY  UNDER  NORMAL 
CONDITIONS  AND  WHEN  INSTRUCTED  TO  BIAS  THE  AVERAGE  REACTION  TIME 
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TABLE  A- 4 5 . COMPARISON  OF  RESULTS  ON  THE  COMPLEX-REACTION  TESTER 
FOR  BOTH  BAQ  SERIES  EXPRESSED  AS  PERCENTAGE  OF  NO- 
STARTS FOR  EACH  BAQ,  CLASS  USING  "AT  LEAST  2 PASSES 
OUT  OF  3 TRIALS"  CRITERION 


BAQ  Class 

High  BAO  Series 

Low-BAQ  Series 

O, 

0 

Failure/Trials 

0. 

0 

Failure/Trials 

<0.301 

6.8 

(4/59) 

8.47 

(10/118) 

0.300  - 0.591 

16.7 

(4/24) 

10.92 

(13/119) 

0.060  - 0.891 

10 . 5 

'(2/19) 

23.00 

(23/100) 

0.090  - 0.119% 

25.0 

(9/36) 

30.65 

(19/62) 

0.120  - 0.149% 

28.6 

(14/49) 

0.150  - 0.1791 

44 . 2 

(23/52) 

>0 .1801 

57.1 

(12/21) 

TABLE  A- 46 . ANALYS I S-OF -VARIANCE  SUMMARY 


Complex  Reaction  Tester  (2  out  of  3)  - High-BAQ  Series 

Source  of 
Variance 

Degrees  of 
Freedom 

Sum  of 
Squares 

Mean 

Squares 

F 

Ratio 

Signi- 

ficance 

Between 

Subjects 

11 

37  .28 

Within 
Sub j ects 

204 

150 . 51 

- 

- 

Treatments 

Error 

1 

11 

21.23 
IS  . 52 

21.23 

1.41 

15.05 

p <0.005 

Test 

Conditions 

Error 

8 

88 

11.76 

51.69 

1.47 

0.59 

2 .50 

p <0.025 

Interaction 

Error 

8 

88 

9 . 26 
41.05 

1.16 

0.47 

2.48 

p <0.025 

Total 

215 

187 . 89 

- 

- 

Difference  due  to  alcohol  at  each  testing  condition 

Testing 

Condition 

df 

ss 

ms 

F 

Ratio 

Signi- 
f icance 

1 

1 

0.41 

0.41 

0.72 

p > 0.05 

2 

1 

0.41 

0.41 

0 .72 

p > 0.05 

3 

1 

0.92 

0.92 

1.61 

p > 0.05 

4 

1 

3.97 

3.97 

6.96 

p < 0.01 

5 

1 

6 .22 

6.22 

10.91 

p <0.005 

6 

1 

7 .57 

2.57 

4.51 

p <0.05 

7 

1 

7 . 54 

7 . 54 

13.23 

p <0.001 

8 

1 

5 . 88 

5.88 

10 . 32 

p <0.005 

9 

1 

2 . 57 

2.57 

4 .51 

p <0.05 

Error 

99 

56 .57 

0 .57 
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c.  Reaction  Analyzer  - Results  for  the  Reaction  Analyzer, 
used  in  the  High-BAQ  Series,  are  presented  in  Table  A-47.  Data 
on  the  Compensatory-Tracking  Device,  used  in  the  Low-BAQ  Series, 
are  presented  for  comparison.  A comparison  of  the  percentages  of 
no-starts  as  a function  of  BAQ  class  indicates  that  the  Reaction 
Analyzer  performs  better  than  the  Compensatory-Tracking  Tester, 
but  that  the  difference  is  not  statistically  significant  (t(6)= 
1.41,  p > 0.05). 

TABLE  A-47.  COMPARISON  OF  RESULTS  ON  THE  REACTION  ANALYZER, 
EXPRESSED  AS  PERCENTAGE  OF  NO- STARTS  FOR  EACH 
BAQ  CLASS,  USING  "AT  LEAST  3 PASSES  OUT  OF  3 
TRIALS"  CRITERION:  AND  ON  THE  COMPENSATORY- 
TRACKING  TESTER,  USING  "AT  LEAST  2 PASSES  OUT 
OF  3 TRIALS"  CRITERION 


BAQ  Class 

Reaction  Analyzer 
(High-BAQ  Series) 

Compensatory- Tracking 
Tester  fLow-BAO  Series' 

% 

Failure/Trials 

% 

Failure/Trials 

, < 0.03% 

3.4 

(2/59) 

3.39 

(4/118) 

0.030  - 0.059 

0.0 

(0/24) 

3.36 

(4/119) 

0.060  - 0.089 

5.3 

(1/19) 

16.00 

(16/100) 

0.090  - 0.119 

8.3 

(8/36) 

25.81 

(16/62) 

0.120  - 0.149 

30.6 

(15/49 

0.150  - 0.179 

44 . 2 

(23/52) 

> 0.180% 

61 . 9 

(13/21) 

Figure  A-54  compares  the  proportion  of  no-starts  for  the 
High-BAQ  subjects  on  the  Reaction  Analyzer  with  and  without 
alcohol.  An  analysis  of  variance  on  these  data  (Table  A-48) 
indicated  that  alcohol  had  no  significant  effect  [F  (1 , 11)  = 3 . 35 , 
p > 0.05],  but  that  testing  conditions  were  significant  [F (8 ,88)= 
2.57,  p < .025].  Differences  between  groups  showed  up  only  on 
testing  conditions  6 and  8. 

d.  Phystester  - Results  for  both  BAQ  series  are  presented 
in  Table  A-49.  A comparison  of  the  percentage  of  no-starts  as  a 
function  of  BAQ  class  shows  that  the  two  curves  are  essentially 
the  same  for  the  BAQ  ranges  concerned  [t(6)=0.53,  p > 0.05]. 
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TABLE  A- 48.  ANALYSIS-OF -VARIANCE  SUMMARY 


Reaction  Analyzer  (3  out  of  3)  - High-BAQ  Series 

Source  of 

Degrees  of 

Sum  of 

Mean 

F- 

Signi- 

Variance 

Freedom 

Squares 

Squares 

Ratio 

f icance 

Between 
Sub j ects 

11 

40.17 

- 

- 

Within 
Sub j ects 

204 

188.48 

- 

- 

Treatments 

1 

7.34 

7 . 34 

3.35 

P 

> 0.05 

Error 

11 

24.12 

2.19 

- 

Testing 

Condition 

' 8 

11.64 

1.46 

2 .57 

P 

<0.025 

Error 

88 

49 .87 

0 .57 

- 

Interaction 

8 

27.49 

3.44 

4.45 

P 

<0.001 

Error 

88 

68.02 

0 .77 

Total 

215 

228.65 

- 

- 

Differences  due  to 

alcohol  at  each 

testing  condition 

Testing 

F 

Signi - 

Condition 

df 

ss 

ms 

Ratio 

f icance 

1 

1 

0.10 

0.10 

0.11 

P 

> 0.05 

2 

1 

2.57 

0.57 

2 . 76 

V 

> 0.05 

3 

1 

0.92 

0.92 

0.99 

p 

> 0.05 

4 

1 

0.92 

0.92 

0.99 

p 

> 0.05 

5 

1 

3.18 

3.18 

3.42 

p 

> 0.05 

6 

1 

9.14 

9.14 

9,83 

p 

<0.005 

7 

1 

9.83 

9.83 

10.57 

p 

<0.005 

8 

1 

4 .73 

4.73 

5.09 

p 

<0.05 

9 

1 

3.44 

3.44 

3.70 

p 

> 0.05 

Error 

99 

92.14 

0.93 

- 
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TABLE  A- 49 . COMPARISON  OF  RESULTS  ON  THE  PHYSTESTER  FOR  BOTH  BAQ 
SERIES  EXPRESSED  AS  A PERCENTAGE  OF  NO- STARTS  FOR 
EACH  BAQ  CLASS,  USING  "AT  LEAST  2 PASSES  OUT  OF  3 
TRIALS"  CRITERION 


BAQ  Class 

H 

igh-BAQ  Series 

Low-BAQ  Series 

o, 

0 

Failures/Trials 

% 

Failures /Trials 

< 0.03% 

1 . 7 

(1/59) 

1.69 

(2/118) 

0.030  - 0.059  % 

4.2 

(1/24) 

5.88 

(7/119) 

0.060  - 0.089  % 

31.6 

(6/19) 

11.00 

(11/100) 

0.090  - 0.119  % 

33.3 

(12/36) 

24.19 

(15/62) 

0.120  - 0.149% 

34.7 

(17/49) 

0.150  - 0 .179  % 

48.1 

(25/52) 

> 0.180% 

61.9 

(13/21) 

The  graph  in  Figure  A-55  compares  the  proportion  of  no- 
starts for  the  High-BAQ  Subjects  with  and  without  alcohol.  An 
analysis  of  variance  of  the  data  (Table  A-50)  indicated  that  both 
alcohol  [F (1 , 11)=17 . 92 , p < .005]  and  testing  conditions  [F(8,88)= 
5.80,  p < .001]  were  significant  effects.  The  difference  between 
treatments  appeared  after  the  fourth  testing  condition. 

A-3.2.2.1  Comparison  of  Performances 

Finally,  a comparison  of  the  percentage  of  no-start  perfor- 
mance on  the  four  devices  tested  in  the  High-BAQ  series  are  pre- 
sented as  a function  of  BAQ  class  intervals  in  Table  A-51  below. 
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PERCENT  OF  NO-STARTS 


MEAN  BAQ  .00  00  .04  .09  .13  .16  .15  .14  .13 

ATTAINED 

TESTING  CONDITIONS 


Figure  A-54.  Comparison  of  Performances  of  Same  Subjects  With  and 
Without  Alcohol  Reaction  Analyzer,  Using  "At  Least 
Three  Passes  Out  of  Three  Trials"  Criterion 
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PERCENTS  OF  NO- STARTS 
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Figure  A-55.  Comparison  Performance  of  Same  Subjects  With  and 

Without  Alcohol  on  the  Phystester,  Using  "At  Least 
Two  Passes  out  of  Three  Trials"  Criterion 
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TABLE  A- 50.  ANALYSIS -OF -VARIANCE  SUMMARY 


Phystestor  ( 2 

out  of  3)  - High-BAQ  Series 

Source  of 

Degrees  of 

Sum  of 

Mean 

F 

Signi - 

Variance 

Freedom 

Squares 

Squares 

Ratio 

f icance 

Between 
Subj  ects 

11 

26.85 

- 

- 

Within 
Subj  ects 

204 

182.21 

- 

- 

Treatments 

1 

34.52 

34.52 

17.92 

P<0. 005 

Error 

11 

21.19 

1 . 93 

- 

Test 

Condition 

8 

20.69 

2.54 

5.80 

p<0 . 001 

Error 

88 

39.27 

0.45 

- 

Interaction 

8 

18.49 

2.31 

4.23 

p<  0 . 001 

Error 

88 

48.05 

0.55 

- 

Total 

2 

215 

209.06 

- 

- 

Difference  due  to  alcohol  at  each  testing 

condition 

Testing 

F 

Signi- 

Condition 

df 

ss 

ms 

Ratio 

f icance 

1 

1 

0.10 

0.10 

0.14 

p>0 . 05 

2 

1 

0.00 

0.00 

0.00 

p> 0 . 05 

3 

1 

0.41 

0.41 

0.59 

p>0 . 05 

4 

1 

2.57 

2.54 

3.67 

p>0 . 0 5 

5 

1 

12.43 

12.43 

17  . 76 

p<0. 001 

6 

1 

17.36 

17.36 

24 . 80 

p<0. 001 

7 

1 

12.92 

12.92 

18.46 

p<0.001 

8 

1 

4.43 

4.43 

6.33 

p<0 . 025 

9 

1 

2 . 79 

2 . 79 

3.99 

p<0 . 05 

Error 

99 

69.24 

0.70 

- 
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A start/no-start  discriminant  score  for  each  device  is  presented 
in  the  final  row.  The  same  data  are  presented  graphically  in 
Figure  A-56. 


TABLE  A- 51.  PERCENTAGE  OF  NO- STARTS  AS  A FUNCTION  OF  BAO 
CLASS  FOR  THE  HIGH  BAQ  SERIES 


BAQ 

Class 

No  . of 
Data  Points 

Complex- 

Reaction 

Tester 

QuicKey 

Reaction 

Analyzer 

Phys tester 

<.03% 

59 

6.8% 

8.5% 

3.4% 

1 .7% 

.030- .059 

24 

16.7 

16.7 

0.0 

4 . 2 

.060- .089 

19 

10 . 5 

21.1 

5 . 3 

31 . 6 

.090- .119 

36 

25.0 

41.0 

8.3 

33 . 3 

.120-  .149 

49 

28.6 

38 . 8 

30.6 

34 . 7 

.150- .179 

52 

44.2 

59.6 

44 . 2 

48 . 1 

<.180 

21 

57.1 

61 . 9 

61 . 9 

61.9 

Difference  between 
lowest  and  highest 
BAQ  class  score 

50 . 3 

53.4 

58  . 5 

60 . 2 

A- 3. 3 EFFECTS  OF  VARIOUS  FACTORS 

During  the  course  of  the  studies  reported  in  both  Volumes  II 
and  III,  the  roles  of  certain  factors  were  observed.  In  Volume 
II,  factors  such  as  the  past  history  of  subjects,  and  their  age, 
gender  and  IQ  are  treated.  The  work  reported  in  Volume  III  in- 
volved explorations  of  specific  problems  which  might  become  im- 
portant in  implementing  an  operational  ASIS  program.  The  effect 
of  extremely  high  motivation  levels  was  also  studied,  since  a 
driver's  motivation  to  start  his  car  is  sometimes  very  high.  Cer- 
tain aspects  of  training  and  the  effects  of  overtraining  were  also 
explored . 

A-3.3.1  Subject  Factors 

A-3.3.1.1  Drinking  History  - Registry  Versus  Social  - During 
a portion  of  the  study,  as  reported  in  Volume  II,  two  types 
of  subjects  were  tested:  social  and  registry.  Social  sub- 

jects included  those  who  had  no  history  of  alcohol  - related 
driving  offenses  resulting  in  arrest.  They  were  light- to-moderate 
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Figure  A-56.  Relation  Between  BAQ  and  Percentage  of  No-Starts  on  Each  Device,  Using  "At 
Least  Two  Correct  Responses"*  as  the  Criterion  for  Starting 

*Since  the  QuicKey  was  scored  on  the  basis  of  a single  response,  this 
criterion  does  not  apply. 


users  of  alcohol,  ranging  in  age  from  21  to  70  with  a mean  of  29 
years.  Registry  subjects  included  those  who  did  have  a history  of 
at  least  one  arrest  for  driving  while  intoxicated.  They  were  gen- 
erally heavy  alcohol  users,  and  ranged  from  age  21  to  62  with  a 
mean  of  35  years.  The  performances  of  these  two  groups  were  com- 
pared to  determine  whether  there  are  any  differences  between  them 
which  might  be  important  to  an  actual  ASIS  program,  especially 
since  registry  drivers  might  be  the  first  targets  of  such  a pro- 
gram. Results  will  be  discussed  individually  for  each  device. 

a . Pilot  Studies  - 

QuicKey  and  Complex-Reaction  Testers  - Only  two  registry 
subjects  were  tested  on  the  QuicKey  device  and  only  one 
on  the  Complex-Reaction  Tester,  as  compared  to  10  and  17 
social  subjects,  respectively.  In  neither  case  were 
there  enough  registry  subjects  for  a meaningful  compari- 
son . 

Compensatory-Tracking  Tester  - Figure  A- 57  shows  the  mean 
integrated-absolute-position  error  (in  volt-seconds)  for 
20  social  and  12  registry  subjects  as  a function  of  test- 
ing condition.  The  registry  subjects  performed  consis- 
tently worse  than  the  social  subjects,  and  this  difference 
was  significant  [t  (1 . 18)  = 5 . 51 , p < .001]. 

Phystester  - Figure  A-58  compares  the  performance  on  the 
Phystester  of  12  registry  and  20  social  subjects.  Median 
number  of  passes  is  plotted  as  a function  of  testing  con- 
dition. A t-test  showed  the  mean  performance  of  the  20 
social  subjects  to  be  significantly  better  than  that  of 
the  12  registry  subjects  [p  < 0.025]. 

b.  Low-BAQ  Series  - Comparison  of  the  pass/fail  performance 
scores  of  registry  and  social  subjects  are  presented  in 
Figures  A-59  through  A-62.  The  data  include  the  scores 
of  only  two  registry  subjects,  as  compared  to  17  social- 
drinking subjects;  however,  such  a comparison  can  be  use- 
ful with  pass/fail  criterion. 
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MEAN  INTEGRATED  ABSOLUTE  POSITION  ERROR  ( IN  VOLT-SEC) 
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Figure  A-57.  Performance  on  the  Compensatory-Tracking  Tester  as 
a Function  of  Testing  Condition  for  20  Social  and 
12  Registry  Subjects 
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MEDIAN  NUMBER  OF  PASSES  OUT  OF  3 REPETITIONS 


PHYSTESTER 


TOTAL  SOCIAL  SUBJECTS  (20) 

— TOTAL  REGISTRY  SUBJECTS  ( 12) 


TESTING  CONDITIONS 


Figure  A- 58 . Performance  on  the  Phystester  as  a Function  of 
Testing  Condition  for  20  Social  and  12  Registry 
Sub j ec  t s 
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Figure  A-59.  Pass/Fail  Performance  on  the  QuicKey  Device  as  a 

Function  of  Testing  Condition  for  Two  Registry  and 
17  Social  Subjects 
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COMPLEX  REACTION  TESTER  DEVICE  (LOW-BAQ  SERIES) 
17  SOCIAL  AND  2 REGISTRY  SUBJECTS 
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Figure  A-60.  Pass/Fail  Performance  on  the  Complex-Reaction  Tester 
as  a Function  of  Testing  Condition  for  Two  Registry 
and  17  Social  Subjects 
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PERCENT  PASS 


COMPENSATORY  TRACKING  TESTER  (LOW-BAQ  SERIES) 


17  SOCIAL  AND  2 REGISTRY  SUBJECTS 


Figure  A-61.  Pass/Fail  Performance  on  the  Compensatory-Tracking 
Tester  as  a Function  of  Testing  Condition  for  Two 
Registry  and  17  Social  Subjects 
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PHYSTESTER  (LOW-BAQ  SERIES) 

17  SOCIAL  AND  2 REGISTRY  SUBJECTS 


Figure  A-62.  Pass/Fail  Performance  on  the  Phystester  as  a Function 
of  Testing  Condition  for  Two  Registry  and  17  Social 
Sub j ects 
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There  appear  to  be  no  consistent  differences  in  the 
performance  of  the  two  subject  groups,  as  can  be  seen 
from  the  graphs.  Note  that  the  registry  subjects  tended 
to  perform  better  on  the  Complex-Reaction  and  the  Com- 
pensatory-Tracking testers.  However,  they  performed 
worse  on  the  QuicKey  device,  and  about  as  well  as  the 
social  subjects  on  the  Phystester.  Thus,  it  appears  at 
present  that  differences  are  specific  to  the  devices 
employed . 

A-3.3.1.2  Age  - The  age  of  the  37  subjects  whose  performance 
is  reported  in  Volume  III  averaged  33.2  years  and  ranged  from  21 
to  63  years.  As  shown  in  Table  A-52,  age  effects  did  appear  for 
certain  devices,  specifically  the  QuicKey  and  the  Reaction  Analyzer. 
The  QuicKey  is  a react  ion- time  task,  and  reaction  time  is  known  to 
vary  with  age.  The  Reaction  Analyzer  is  a tracking  device  which 
was  introduced  in  the  middle  of  testing.  During  the  first  session 
with  the  Reaction  Analyzer,  differences  as  a function  of  age  were 
discovered.  However,  these  differences  were  eliminated  in  the 
succeeding  session  by  providing  extended  training  for  the  older 
subjects.  It  is  presumed  that  proper  training  will  eliminate 
this  age  effect  on  the  QuicKey  as  well. 

A-3.3.1.3  Gender  - A comparison  of  performance  by  gender 
is  reported  in  Volume  II  for  the  QuicKey  device;  a t-test  showed 
no  overall  statistical  difference  in  performance  between  the  six 
male  and  five  female  social  subjects.  For  the  Complex-Reaction 
Tester,  a t-test  showed  that  the  12  male  social  drinking  subjects 
made  significantly  more  errors  that  the  five  female  social  drink- 
ing subjects. 

Thirty-seven  subjects,  20  males  and  17  females,  were  tested 
in  three  groups  in  the  work  reported  in  Volume  II.  Each  group  was 
tested  on  all  devices  and  an  analysis  of  variance  performed  on  the 
results.  Table  A- 53  presents  F scores  comparing  the  performance 
of  the  males  and  females  on  each  device.  Gender  had  no  signifi- 
cant effects  upon  performance  on  any  of  the  devices  tested. 
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TABLE  A- 52.  F SCORES  COMPARING  THE  PERFORMANCE  OF  SUBJECTS  OLDER 
AND  YOUNGER  THAN  30,  WITH  LEVELS  OF  SIGNIFICANCE 


Device 

Group 

I 

Group 

II 

Group 

III 

QuicKey(l  pass  within 
2 minutes  for  16th  % 
window) 

16.47 
p < 0.01 

34 . 72 
p < 0.01 

0 . 14* 
p > 0.05 

Complex  Reaction  Tester 
(3  passes  out  of  3 trials) 

4.25 

p > 0.05 

3.79 

p > 0.05 

0 . 33 

p > 0.05 

Reaction  Analyzer  (at  least 
4 passes  out  of  5 trials) 

11.25** 
p < 0.05 

0.02 

p > 0.05 

Phystester  (at  least  2 
passes  out  of  3 trials) 

.013 

p > 0.05 

2 .75 

p > 0.05 

1 . 33 

p > 0.05 

*No  subjects  older  than  39  years. 

**Probably  due  to  inadequate  training  of  older  subjects. 


TABLE  A- 53.  F SCORES  COMPARING  THE  PERFORMANCE  OF  MALES  AND 


FEMALES  (NON- SIGNIFICANT) 


Device 

Group 

I 

Group 

II 

Group 

III 

QuicKey 

1.88 

3.30 

0.07 

(1  pass  within  2 minutes 
for  16th  % possible  window) 

N.  S. 

N.  S. 

N.  S. 

Complex  Reaction  Tester 

0.64 

2.31 

5.15 

(3  passes  out  of  3 trials) 

N.  S. 

N.  S. 

N.  S. 

Reaction  Analyzer 

— 

1.60 

0.47 

(at  least  4 passes  out  of 

N.  S. 

N.  S. 

5 trials) 

Phystester 

0.003 

0.15 

3.58 

(at  least  2 passes  out  of 

N.  S. 

N.  S. 

N.  S. 

3 trials) 
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A-3.3.1.4  I . Q . - Table  A-54  reviews  the  correlation  between 
total  I.Q.  score  and  performance  on  the  four  devices  for  the  test- 
ing reported  in  Volume  II.  The  only  significant  correlation 
observed  was  for  the  social  subjects  on  the  Complex-Reaction  Tester. 
However,  the  correlation  is  small  and  is  probably  an  artifact. 

A-3.3.2  Different  Motivation  Levels  - The  motivation  scheme 
(bonus  moneys)  used  in  the  training  and  testing  reported  in  Volume 
III  are  described  in  Table  A-55. 

Figure  A-63  shows  that  for  the  QuicKey  device  (16th-percentile 
criterion)  Group  III  (no  bonus)  performed  best,  especially  at  low 
BAQ ' s . Perhaps  the  high  pay-offs  of  Groups  I and  II  led  to  over- 
arousal of  these  subjects.  For  the  Complex-Reaction  Tester  (2/3 
criterion),  Figure  A-64  shows  that  Group  III  had  a higher  failure 
rate  at  BAQ  levels  above  .03  than  Group  I.  It  may  be  hypothesized 
that  this  observed  difference  was  due  to  the  fact  that  Group  III 
received  immediate  feedback  when  they  failed,  whereas  Group  I 
found  out  only  at  the  end  of  a block  of  trials  whether  or  how  often 
they  had  failed. 

Figure  A-65  shows  that  the  performance  on  the  Reaction  Analyzer 
(4/5  criterion)  of  Group  II  subjects  was  poorer  than  that  of  Group 
III  subjects  at  low  BAQ  levels.  However,  note  the  performance  of 
those  subjects  less  than  30  years  old:  age  apparently  affects  per- 

formance on  this  device,  a factor  which  was  overcome  in  Group  III 
by  better  training. 

Figure  A-66  compares  the  effect  of  different  motivation  levels 
for  the  Phystester.  The  only  real  effect  was  found  in  Group  III, 
where  the  permissible  duration  of  the  task  was  shortened  from 
3.6  to  3.0  seconds . 

Generally,  those  motivation  levels  which  could  be  considered 
high  appear  to  raise  the  frequency  of  no-starts  at  low  BAQ  levels. 
This  effect  may  be  a source  of  difficulty  for  those  anxious  to 
start  their  cars. 
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Figure  A-65.  Pass/Fail  Performance  on  the  Reaction  Analyzer  as 
a Function  of  BAQ  for  Two  Motivation  Levels 
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A-66.  Pass/Fail  Performance  on  the  Phystester  as  a Function 
of  BAQ  for  Three  Motivation  Levels 
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TABLE  A- 54.  CORRELATION  BETWEEN  IQ  AND  PERFORMANCE  ON  EACH  DEVICE 
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TABLE  A- 55.  MOTIVATION  SCHEDULES  IN  TRAINING  AND  TESTING  ON  THE 
FOUR  DEVICES  FOR  THE  THREE  SUBJECT  GROUPS 


Device 

Group 

Training 

Testing 

QuicKey 

I 

$1.00  for  each  reaction 
time  less  than  150  milli- 
seconds 

$ 1 . 50/pass 
(only  1 pass  per 
testing  session 
possible) 

II 

$1.00  for  each  reaction 
time  less  than  criterion 
set  from  previous  train- 
ing sessions 

$0 . 50/pass 

III 

No  bonus 

$0 . 50/pass 

Complex- 

Reaction 

Tester 

I 

$5.00  for  4 passes/ 
4 trials 

$0 . 50/pass 

II 

(Data  disregarded  due  to 
a malfunction 

III 

$5.00  for  7 passes/ 

8 trials  (on  two  consecu- 
tive blocks)  each  train- 
ing day 

$0 . 25/pass (plus 
double  bonus  if 
all  trials  were 
passed) 

Reaction 

Analyzer 

II 

$5.00  for  9 passes/  10 
trials  each  training  day 

$0 . 50/pass 

III 

$5.00  for  19  passes/ 
20  trials (on  two  con- 
secutive blocks)  each 
training  day 

$0. 25/pass  (plus 
double  bonus 
if  all  trials 
were  passed) 

Phystes ter 

I 

$5.00  for  23  passes/25 
trials  each  training  day 

$0. 50/pass 

II 

$5.00  for  23  passes/25 
trials  each  training  day 

$0  . 50/pass 

III 

$1.00  for  10  passes/12 
trials  at  intermediate 
criterion 

$5.00  for  23  passes/24 
trials  on  two  consecu- 
tive blocks  at  final 
criterion 

$0. 50/pass  (plus 
double  bonus  if 
all  trials 
were  passed) 
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